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ABSTRACT
Atomic displacement parameters (ADPs) were derived from X-ray diffraction 
data collected at two different temperatures (294K and 115K) from a single crystal of 
Rh(acac)(C2H4)2 . Since the thermal ellipsoids of atoms in the one crystallographically 
independent ethylene group displayed distinctive elongation normal to the C=C bond, a 
TLS rigid body analysis of the C2H4 ligand rotation behavior, which was developed by 
Cruickshank, Pawley, Shoemaker and Trueblood, was undertaken.
Using a locally modified version of Trueblood’s THMA14 computer program, it 
was found that at 115K the root-mean-square amplitude of libration normal to the Rh- 
(CC centroid) axis is 7(4)°, while at 294K it is 10(6)° (estimated standard deviations in 
parentheses). The rotational barrier height of the ethylene group was found to be the 
same at both temperatures (39(10) kJ/mol at 115K, 39(12) kJ/mol at 294K), slightly 
below but statistically consistent with a barrier height o f 54 kJ/mol (at 265K) derived 
from solid state NMR analysis of Rh(acac)(C2H4)z In related rhodium-ethylene 
complex, [Rh-n-Cl-(C2H4)2]z, TLS analysis showed that the ethylene groups are highly 
hindered rotors and that the conditions for TLS analysis are not met.
In addition, eighteen single crystal structures of syntheitc and natural compounds 
were analyzed. Crystal informations: [Co(NCS)2(C2HgN2)2]SCN, monoclinic(C2/c), 
a=9.8472(5)Â, b=12.2385(6)Â, c=23.5157(10)Â, (3=101.292(4)°, R=0.024, wR=0.032. 
C36H34N0 6 PPd, monoclinic(P2i), a=10.2148(9)Â, b=9.7728(5)Â, c=16.7471(8)Â, 
(3=106.766(5)°, R=0.025, wR=0.032. C 2 0 H 3 0 O 7 ,  monoclinic(P2i), a=11.3439(8)Â,
b=7.9732(8)Â, c=11.4652(8)Â, (3=94.5709(1)°, R=0.063, wR=0.062. C20H28O6,
monoclinic(P2i), a=8.831(6)Â, b=I0.320(l)Â, c=10.8856(5)Â, (3=110.1(4)°, R=0.037,
xi
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wR=0.048. CwHigOg, monoclinic(P2i/n), a=10.9217(6)Â, b=l 1.2573(11)Â, 
c=14.8752(9)Â, p=109.6(4)°, R=0.044, wR=0.068. C20H26O4, orthorhombic (P2i2i2i), 
a=8.2131(3)Â, b=10.8804(6)Â, c=19.363(l)Â, R=0.036, wR=0.043. C30H 12CI6,
monoclinic(P2i/n), a=12.4604(8)Â, b=11.8971(8)Â, c=16.819(l)Â, 3=106.4(3)°, 
R=0.086, wR=0.124. C24H18N2O4, monoclinic(P2i/n), a=6.9002(5)Â, b=23.320(2)Â, 
c=12.714(l)Â, 3=100055(7)°, R=0.145, wR=0.152. C24H 12, monoclinic(P2i/c),
a=4.8014(3)Â, b=13.539(2)Â, c=22.091(l)Â, 3=91.317(6)°, R=0.037, wR=0.052. 
CsHNBr4, monoclinic(P2i/c), a=4.0606(2)A, b=9.9190(6)Â, c=10.7870(7)Â,
3=99.784(5)°, R=0.031, wR=0.031. CsNBr4, monocIinic(P2i/n), a=6.9483(7)Â, 
b=6.1483(8)Â, c=10.1074(8)Â, 3=101.445(7)°, R=0.047, wR=0.050. CnHgiOeP], 
monoclinic(P2 i/c), a=19.669(4)A, b=11.970(2)Â, c=22.202(4)Â, 3=115.96(3)°,
R=0.058, wR=0.135. CizHgC^SOs, monociinic(P2i/c), a=11.8721(7)Â, b=15.406(2)Â, 
c=7.1392(5)Â, 3=95.361(5)°, R=0.045, wR=0.062. C3oH2gSi2S, monocIinic(P2i/c), 
a=20.928(2)Â, b=5.8524(5)Â, c=23.907(2)Â, 3=100.245(6)°, R=0.049, wR=0.055. 
C24H26N2SO5, monoclinic(P2i/c), a=10.661(l)Â, b=12.8986(4)Â, c=17.7249(6)Â, 
3=101.5(3)°, R=0.040, wR=0.045. C13H22NOPS, monoclinic(P2i/c), a=9.441(l)Â, 
b=20.378(2)Â, c=9.099(l)Â, 3=116.933(7)°, R=0.057, wR=0.068. C2HNO2S2, 
trigonal(I4i/a), a=19.556(6)Â, b=19.556(6)Â, c=4.996(2)Â, R=0.032, wR=0.079. 
C4H5NO2S2, monoclinic(Pc), a=3.939(2)Â, b=35.839(ll)Â, c=18.789(4)Â,
3=90.81(3)°, R=0.157, wR=0.296.
Xll
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CHAPTER 1 
INTRODUCTION
X-ray crystallography is a window into the micro universe of atoms and as such, 
it has been used to explore the three dimensional structure of molecules and the complete
3-dimensional arrangement of the atoms, ions and molecules in crystals. In addition, 
atomic displacement parameters (ADPs), routinely obtained together with atomic 
coordinates from X-ray diffraction experiments, can be analyzed to yield mean-square 
libration amplitudes. This information is used to estimate the rigid-body translation and 
libration motion of molecules in the solid state as well as to calculate the dipolar 
contributions to broadening of NMR absorption lines in crystalline solids.
There are several important stages in the X-ray crystal structure analyses 
reported herein. First, single crystals with uniform internal structures were grown. 
Usually, the most suitable crystals were between 0.2 mm and 0.5 mm, which is smaller 
than the cross sectional area of the incident X-ray beam. Second, diffraction data were 
collected using an Enraf-Nonius CAD4 diffractometer controlled by a VAX/VMS 
computer. From the collected intensity data, geometric parameters were calculated to 
obtain the direct and reciprocal lattice parameters. Also, systematic absences revealed 
the Bravais Lattice and helped identify the space group. Heavy atom or Direct methods 
were then used to analyze the diffraction data and to build up a model structure. Several 
programs such as MULTAN, DIRDEF, and SHELXTL/PC were used for this purpose. 
This trial model was then refined using full-matrix least square methods to obtain the 
best possible agreement between the observed structure factor data ( F o b s . )  and calculated
1
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structure factor data (Fdc.). The results of the refinement were evaluated by inspecting 
the overall discrepancy indices (R values), the residual peaks in difference Fourier maps, 
and the chemically significant dimensions of the structural model.
Once a good refinement result was achieved, the displacement parameters of the 
atoms could then be used to explore the rotation and translation behavior of ligands in 
the solid state if the ligands met certain “rigid-body” criteria. For example, in the 
benzene molecule the six carbon atoms are tightly bound by covalent bonding, and it is 
reasonable to assume that the movement of each carbon atom is highly correlated to that 
of the other five carbons in the ring. We can thus treat the six carbon atoms as a “plate­
like” rigid unit. Another example is ferrocene. Ferrocene is a “sandwich-like” 
compound, with two five-member rings enclosing an iron atom. The molecule can be 
treated as two plates held by a spring which passes through the iron atom and centers of 
each plate. In this model, the two plates are able to rotate around the spring, and the 
energy barrier corresponding to the rotation then can be explored. In chapter two of this 
dissertation, similar rotational behavior of two rhodium complexes is analyzed and 
discussed. In chapters three, four and five, , several structural determinations by single 
crystal X-ray diffraction methods are described. The compounds can be grouped into 
three different categories according to their chemical nature: organometallic complexes 
(chapter 3); organic natural products (chapter 4); and synthetic organic compounds 
(chapter 5). For each compound, the following information is reported: atomic 
coordinates; bond lengths; bond angles; torsion angles; intermolecular or intramolecular 
hydrogen bonding. In addition, graphical representations of the three dimensional 
arrangement of the atoms are presented. These data collectively identify uniquely each
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compound. Furthermore, understanding the packing of molecules in the solid state is an 
aid to further study of their physical and chemical properties, brief discussion of which 
follows each structure report.
In chapter three, two X-ray crystal structures of organometallic compounds are 
reported: crystals of frawj-Bis(isothiocyanato)-bis(ethylenediamine)-cobalt(iii)
thiocyanate were provided by the research group of Dr. Musselman at Franklin and 
Marshall College, Pennsylvania; crystals of [2-{l-raethoxy-2-(2,2-diethoxycarbonyl)}- 
ethyl-8-quinolinol-C,N,0]palladium(n) were provided by the research groups of Dr. 
George Newkome at University of South Florida and Dr. Akio Yoneda at Himeji 
Institute of Technology, Japan. In chapter four, four structures of organic natural 
products were reported. All four organic natural product samples were provided by the 
research group of Dr. Fischer at Louisiana State University. The samples of lla,13- 
dihydroamifolin and 2-deacetyl-4-o-tigloylchamissionolide were crystallized by Dr. Tom 
Schmidt, and crystals of 4-(3-formyl-2,4-dihydroxy-6-methyl-benzoyloxy)-2-hydroxy-
3,6-dimethyl-benzoate and (2J?”, 6a/?”, 10a/?”, lGb5”)-7,7,10a-trimethyl-2(5’-oxo- 
2’,5’-dihydrofiiran-3’-yl)-l,2,6,6a,7,8,9,10, 10a,10b-decahydro-4//-naphtho[2,l-
c]pyran-4-one were provided Steve Robbs. In chapter five, eleven synthetic organic 
structures are reported: crystals of Tribenzo[a,k,f]triindene,5,10,15-
tris(dichloromethylene)-l 0,15-dihydro were synthesized by Dr. A. H. Abdourazak fi-om 
the research group of Dr. Peter Rabideau at Louisiana State University; crystals of 1,8- 
bis(3,5-dimethyl-4-isoxazolyl)anthraquinone were synthesized by Dr. Maria Del Ros 
Benites fi"om the research group of Dr. Maverick at Louisiana State University; crystals 
of Indeno[7,7a, l,2,3-lmno]-l, 12-ethenochrysene were provided by the research group
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of Dr. Rabideau at Louisiana State University; crystals of 2,3,5,6-tetrabromo-pyridine,
2,3,5,6-tetrabromo-pyrazine, 2-(5-Chloro-2-nitrophenyIsuifanyl)-benzoyI chloride 
pyrazine and 3,4-bis(Phenylethyl)-2,5-bis(trimethylsilylethynyl)thiophene were provided 
by Dr. Gabriel Garcia at Atlanta University; crystals of 6,6'-[[3,3',5,5'-tetrakis(l,l- 
dimethylethyl)l,l'-biphenyl-2,2'-diyl]bis(oxy)bis-dibenzo[d,f]- [l,3,2]-dioxaphosphepin 
was synthesized by Donna Howell from the research group of Dr. George Stanley at 
Louisiana State University; crystals of Methyl-2-/ert-butoxycarbonamido-8- 
benzenesulfbnyl-1,2-dihydrocyclopenta[b]indole-2-carboxylate were provided by the 
research group of Dr. McLaughlin at Louisiana State University; crystals of N-t-Butyl- 
0-isopropyl-P-phenyl-phosphonamidothioate, l,2,4-dithiazolidin-3,5-dione and 3- 
ethoxy-1,2,4-dithiazolin-5-one were provided by the research group of Dr. Hammer at 
Louisiana State university. Detailed structures and refinement results will be discussed.
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CHAPTER 2 
THE ANALYSIS OF THE OLEFIN LIGAND ROTATIONAL 
ENERGY BARRIER OF RHODIUM COMPOUNDS IN SOLID 
STATE FROM ATOMIC DISPLACEMENT PARAMETERS
2.1 Introduction
Crystallographic diffraction data contains information about the atomic electron 
probability density function (p(x, y, z)), atomic displacement parameters (ADPs) can be 
obtained from an analysis of p(x, y, z); ADPs provide information about average 
displacements of atoms from their equilibrium positions in crystals. In this chapter, the 
rigid-body behavior of olefin ligands in two rhodium complexes is analyzed.
2.2 Theoretical background
In a crystal, atoms are bound together by different types of bond forces, and 
their relative arrangement corresponds to an energy minimum. For simplicity, it is 
assumed that the force field around each atom, located at its equilibrium position, is 
harmonic. According to Bloch's theorem, the probability function of electrons in a 
harmonic potential field should be a Gaussian distribution.Let p (f ) be the probability 
of finding electrons near the center of one atom located at f= x a + y b + z c = X ^ k ,
where = [ x y  z] is a row matrix of atomic coordinates, and A = [â  b c ] is a 
column matrix of basis vectors which define a crystal coordinate system. The probability 
density function (pdf) of the electrons is this:^
p(x,y,z)=(2;r)'^(detU -‘)'^exp[-i(X ^U -‘X)]
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In this equation, U represents the atomic mean-square displacement matrix, the elements 
o f which are the second moments of the pdf:
U =
<% > <xy> <xz>  
<yx> <y^ > <yz>  
<zx> <zy>  < z  >
= <XX^ >
The data collection in a single crystal X-ray difiraction experiment, consists of 
angular information adn scattered beam intensities o f the X-rays which are scattered by 
the electrons of the atoms in the crystal. These data thus contain information about the 
electron density distribution around the atoms in the crystal in the form of structure 
factor F  and structure amplitude F  where F  is proportional to the square root of each 
beam intensity. If the atoms have coordinates (Xj,yjZj) expressed as fractions of the unit 
cell edges, and the angular dependence is expressed as indices, h, k, and / (in reciprocal 
lattice coordinates) defined by vectors [a  * b * c *]), the calcualted structure amplitude
N
is given by: = exp[2 tti ( Aj )] exp[-2 (Bj )]
;=i
where ^  represents an atomic scattering factor, A= hx^+ky^+îz^, and the thermal 
motion is described by
Bj=h'^a^U,, +k-b'^U^^+Fc"U^^+2(hkaFU,^ +hlacU,^ + klb 'cU ^)
Once experimental structure amplitudes are derived from the intensity data, an 
electron density function can be obtained by Fourier transform analysis:
p(% ,j,,z)=(2;r)"^(detU-')^exp[-^(X^U-'X)]
Finally, the atomic mean-square displacement matrices Uj can be derived.
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Since a molecule in a crystal is composed of groups of atoms, displacement of 
the molecule as a whole is related to the correlated movement of individual atoms. 
Unfortunately, the atomic mean-square displacement matrices Uj does not provide direct 
information about the displacement of whole molecules. Cruickshank^ (1956), Pawley’ 
(1963), Schomaker and Trueblood* (1968) developed a method of rigid-body model 
analysis (TLS) in order to extract the motion of molecules in a crystal from the atomic 
mean-square displacement matrices Uj. In this method, the oscillation of a “rigid body” 
molecule can be described in terms of libration around and translation along an internal 
axis.
A rigid body® is defined as a system of particles maintaining a constant inter 
particle distance and a constant internal potential. Thus, a screw motion allows the rigid 
body to rotate about a central axis, while translating along that axis. In a molecular 
crystal, a molecule tends to move as a rigid unit if the intramolecular forces are much 
stronger than the intermolecular forces.* The displacement of a rigid body molecule with 
one point fixed can be described as a rotation about a fixed axis according to Euler's 
theorem}'* The rotation can be expressed as an axial vector, which has magnitude given 
by the size of the angular displacement, and direction defined by the rotational axis. If the 
fixed point is taken as the origin of a set of rigid body axes, then there will be no 
translation displacement of the rigid body, only a change in orientation rotation. The 
theorem also prescribes how the the rigid body axes, at any time w, can be obtained by a 
single transformation of the internal set of axes. The general displacement of a rigid 
molecule from its equilibrium position is a combination of translation (given by the 
vector T ) and rotation. If a point in the rigid-body molecule is at the position r (x, y, z)
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8in a Cartesian coordinate system (figure 2.1), rotation through angle ^ about
basis vector moves f  to F'(x', y \  z'), where :
r'(x\ y ,  z') = r'(xcosO-ysinO, xsind-ycosd, z)
X
Figure 2-1 Rigid-body motion in a local Cartesian system.
For small Û: sin0» 9; cos9 ^  1, and the displacement of the point from r to r ' by 
small rotation can be approximated as {-y9, x9, 0). In matrix notation:
F'-F=
-yQ 0 z  - y 0
xQ = - z  0 X 0 = A q
0 y  - X  0 8
Hence, the general displacement of a rigid-body molecule from its equilibrium position is 
a combination of rotation and translation, which in matrix notation is written as:
u = t + Aq
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The mean-square displacement matrix of the rigid-body molecule is <uu >:
<uu > = <(t + Aq)(t + A q/>
=<(t + Aq)[t^ + (Aq) V  
= <tt^> + <t(Aq)^> + <Aqt^> + <Aq(Aq)^>
= < tf>  + < tqW > + <Aqt^> + <AqqW >
Expressed in matrix notation, this is:‘°
U = T + S W  + AS + ALA^ 
where U = <uu^>, T = L = <qq >, S = <qt^>
U represents a composite mean-square displacement matrix of all atoms that 
compose the rigid-body molecule, T represents the translation behavior of the molecule, 
L represents the rotation (libration) of the molecule, and S represents the correlation of 
translation and rotation screw motions. Each individual atom of the molecule 
contributes to the U term, and together with the individual matrices Uj and coordinates 
of the atoms from the diffraction data, the matrix parameters Tÿ , Lÿ and Sÿ can be 
found by least squares methods. The mean-square displacement amplitude (MSDA= 
<<t)^ >) of the molecule along any direction is obtained from the matrices of T, L , and S. 
For example, the rotational amplitude about the direction specified by vector n is given 
by MSDA= <(j>  ^= n Ln
As noted above, the motion of a non-translating rigid-body molecule can be 
described as a rotation about one fixed axis within the molecule according to Euler’s 
theorem. However, in such a case, the potential field of the rigid body molecular 
rotation is described as a periodic function with period 2tc radians instead of as a 
harmonic function.** In order to interpret the rotational behavior o f rigid body
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
10
molecules, a sinusoidal potential V(({))="^^  ^ is assumed,"’*^ where B is the
barrier height and n is the number of barriers in 2tc radians. For small amplitude rotation, 
the potential field can be described as harmonic and quadratic approximation of the 
sinusoidal potential leads to V((j>) = Bn^ (()^ /4. If we define the harmonic potential as V(<J>) 
-  2 /<!>'■> where /  is a force constant, then the barrier height B is related to the force 
constant by:
h i
n'B = - r
Analysis of the mean-square displacement amplitude of a harmonic oscillation can 
be approached from either a classical or a quantum point of view."’*^  According to 
Bloch’s theorem, the classical Boltzmann distribution of displacements around the 
equilibrium position in a harmonic potential field is a Gaussian function, and the mean- 
square displacement amplitude is:
«j)^> = kT//
/ =  kT/<4)^>
The energy barrier can thus be calculated as:
B = 2//n^ = 2kI/nH ^>
On the other hand, the Boltzmann distribution over the energy levels of a quantum 
mechanical harmonic oscillator will lead to the mean-square displacement amplitude 
<(|)^ > = (hlSiz^Iv) coth { h v  /  IkT) and the force constant /  = 4tcVv ,^ where /  is the 
moment of inertia and vis the frequency. Therefore, the energy barrier is B=87cVv /^n .^ 
Furthermore, \ î h v »  2kT, then <(|)^ > = represents the zero-point displacement;
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if Al/ «  2kT, the expression reduces to its classical form. The difference between the 
classical and quantum mechanical estimation of the energy barrier is within 1% if the 
frequency (cm'*) is smaller than 0.2T (Kelvin) at about room temperature.**’*^
On the other hand, if the rotational amplitude is large enough to invalidate this 
harmonic approximation, then the relationship between B and <(j)2> can be derived from 
the Boltzmann distribution:**
B d-cw n*) /
Y > -  Bd-cosn»)
The error of the harmonic potential approximation is within 5% if the nij) value is about 
44 degrees.**’*^
For very large mean-square amplitude, the ligands become freely rotating, and to 
describe an atom as ellipsoidal shape becomes a poor approximation because of the large 
fall-off of scattering power for high angle reflection data. From a feasibility study ,^ 
reasonable results were shown to be achievable when the root-mean-square amplitude of 
the rigid-body molecule rotation is in the range of 7 to 14 degrees.*^
2.3 The analysis of Rh(acac)(C2EL()2
The compound of Rh(acac)(C2H4 )2  was synthesized by Dr. Stephanie Vierkotter 
at university of Tennessee and the atomic displacement parameters (ADPs) of 
Rh(acac)(C2H4 )2 were obtained from an X-ray diffraction experiment at 294K and 115K 
by Dr. Frank Fronczek at Louisiana state University. The ORTEP*'* drawing of 
Rh(acac)(C2H4 )2  at 294K is given in figure 2.2. Quantitative study of the olefin ligand 
rotational behavior shows that the olefin carbon atoms have elongated ellipsoids. Hence,
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
12
in order to analyze rotational behavior of the olefin ligands of Rh(acac)(C2H4 )2 , we 
define the olefin ligands as attached rigid groups (ARG’s)^ *. The rotational axis is 
defined as the line which passes through the rhodium atom and the center of the C=C 
double bond. Three unit vectors of a local Cartesian system are defined as follows: one 
vector is parallel to the rotational axis, another is parallel to the longest principal axis of 
the C4 ellipsoid, and the third is normal to the first two axes in right-hand system, as 
shown in figure 2.3.
Figure 2-2 ORTEP drawing of 40% ellipsoid of Rh(acac)(C2H4 )2  at 294K.
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CI3I C(3A)
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C14A)
C(5) CI5A)
Figure 2-3 The local Cartesian coordinate system of the rigid-body rotational group.
The rotational axis is chosen to pass through the Rh and the center o f the 
C4-C5 bond.
Since the entire molecule lies across a mirror plane, the two olefin ligands are 
identical by symmerty. Thus, only one independent pair of mean-square amplitudes can 
be obtained. TLS analysis results were calculated using the THMA14 program'® by 
Trueblood. The internal root-mean-square rotational amplitude of C=C ligand is 10(6) 
degrees at 294K. The energy barrier height, assuming 180 degree periodicity, is 
39(12)kJ/mole at 294K. At 115K, the root-mean-square rotational amplitude of C=C is 
7(4) degree, and the barrier height is 39(10) kJ/mole. NMR analysis results in a barrier 
height at 265K of 54 kJ/mole.'^
This TLS analysis of the olefin ligands at room and low temperatures tended in 
part toward the some relationship between energy barrier, amplitude and temperature as 
indicated by Maverick and Dunitz in their paper of ferrocene.'^ In ferrocene, the mean- 
square amplitude tends to increase with increasing temperature (as above), but the 
energy barrier in ferrocene tends to decrease with increasing temperature due to thermal
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expansion of the lattice cell which decreased the intermolecular potential. More 
experiments at various temperature are needed to further explore of the temperature 
dependence of the energy barrier heights in this rhodium complex.
2.4 The analysis of [Rh-n-CI-(C2H4)2l2
The rigid-body analysis of [Rh-|i-Cl-(C2H4)2 ]2  was also attempted, this 
compound was synthesized by Dr. Stephanie Vierkotter at university of Tennessee and 
the atomic displacement parameters (ADPs) of Rh(acac)(C2H4 )2  were obtained from an 
X-ray diffraction experiment by Dr. Frank Fronczek at Louisiana state University. The 
ORTEP drawing of [Rh-|i-CI-(C2H4)2]2 is given in figure 2.4.
Figure 2-4 ORTEP drawing of 40% ellipsoids of [Rh-p-Cl-(C2H4)2 ]2  at 153K.
X-ray structural information was obtained at 297K and 153K. There are four 
crystallographically independent olefin ligands which were defined as attached rigid- 
bodies(ARGs). From the 153K data, only the C(20)-C(21) ligand shows the evidence of 
libration, with a root-mean-square amplitude of 6(34) degrees using the THMA14 
program. At 297K, the only positive root-mean-square amplitude for C(10)-C(l 1) is
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7(17) degree. Large estimated standard deviations and the existence of negative mean- 
square-amplitude values for the other three olefin ligands indicate that the assignment of 
ARGs is unsatisfactory. Detailed analysis of the structure of [Rh-|i-Cl-(C2H4)2 ]2  reveals 
that the two parallel olefin ligands bound to each rhodium atom are sterically hindered 
and thus unable to rotate. It is thus reasonable to assume that the molecule as a whole is 
librating more than the ligands themselves. Under these circumstance, TLS analysis is 
not useful.
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CHAPTER 3 
STRUCTURES OF ORGANOMETALLIC COMPOUNDS
3.1 The structure of traii5-Bis(isothiocyanato)-bis(ethyIenediamine)-cobalt(in)
thiocyanate
/raws-Bis(isothiocyanato)-bis(ethylenediamine)-cobaIt(in) thiocyanate complex 
([Co(NCS)2(C2HgN2)2]SCN (3.1a)‘* has two independent cobalt cations present in the 
asymmetric unit. One of the cations lies on an inversion center and the other on a 
twofold axis that bisects each ethylenediamine ligand. In both cases, the isothiocyanato 
ligands coordinate slightly non-linearly.
NCS
« 2
Co
NCS
SCN-
3.1a
The title compound was formed by converting [(en)2Co(0 2 ),(NH2)Co(en)2]l3 
(en=ethylenediamine) into its thiocyanate salt in the KSCN aqueous solution at 343 K.‘* 
Dark red crystals were formed after slowly cooling the solution. A crystal having 
dimensions 0.25x0.30x0.40 mm^  was selected and mounted on a thin glass fiber for 
structure identification. Data were collected on an Enraf-Nonius CAD4 diffiactometer 
within 1° < 0 < 30® using graphite-monochromated MoKa radiation at 294 K. Crystal 
unit-cell parameters were obtained by centering 25 reflections having 0 values between
16
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10 and 12°, and were determined to be monoclinic with space group C2/c. Intensity data 
were corrected for background, Lorentz, polarization and absorption effects. A trial 
structure model was obtained by the Patterson method with successive interpretation of 
difference Fourier maps. 4038 independent reflections were measured, and 3439 
observed reflections with I>3o(I) were used to refine 229 parameters by flill-matrix least 
squares refinement m ethod.N on-hydrogen atoms were refined anisotropically, while 
hydrogen atoms were refined isotropically. Convergence was achieved with R=0.024, 
wR=0.032, goodness-of-fit(5)=l .677.
The title compound has two independent cobalt cations in the asymmetric unit, 
one with 2-fold symmetry and the other with 1 symmetry. Both are shown to possess 
nearly octahedral geometry with the two isothiocyanato ligands in axial positions, 
structurally similar to /raw5 -[Co(en)2 Cl2 ]Cl.^ The structure of c/5 -bis(isothiocyanato)-
bis(ethylenediamine)cobalt(ni) chloride hydrate, the reaction product of trans- 
[Co(en)2 Cl2 ]Cl with KNCS , has been reported.^ The structure of cis- and trcms-
bis(ethylenediamine)(isothiocyanato)(thiosulfato)cobalt(in) monohydrate has also been 
reported. '^* In the title compound, traw-[Co(en)2 (NCS)2 ]SCN, both the
centrosymmetric and twofold symmetric cobalt (HI) complexes have four nitrogen atoms 
of ethylenediamine coordinated to the cobalt(ni) forming a planar arrangement. The 
maximum deviation of an atom from the twofold symmetric cobalt plane is 0 .0 0 0 1 (2 ) 
A. The NCS ligands coordinate slightly non-linearly. In trow5 -[Co(en)2 (NCS)2 ]SCN,
the Co-N-CS bond angles are 163.8(1)Â for the twofold symmetric ion and 175.9(1)Â 
for the centrosymmetric ion, while in cw-[Co(en)2 (NCS)2 ]SCN, they are 165.2(4)Â and
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173.4(4)Â. The bond angle of Co-N-CS in c/5 -[Co(en)2 (NCS)(S2 0 3 )]-H2 0  is 
170.1(6)°, while in /row5 -[Co(en)2 (NCS)(S2 0 3 )]-H2 0  , it is 172.1(6)°. The Co-NCS 
distances are 1.906(4) and 1.914(4) A in cw-[Co(en)2 (NCS)2 ]SCN, 1.875(5)Â and 
1.941(7)A in /raw5 -[Co(en)2 (NCS)(S2 0 3 )]’H2 0 .
The occurrence of Z= 8  with moieties of both 1 and 2 symmetries is a rare 
structural type. Z= 8  (symmetry 1 ) is common for space group C2/c, occurring in 43.5% 
of the structures tabulated by Brock & Dunitz (1994).^ Both Z=4 (symmetry 1 ) and 
Z=4 (symmetry 2) are also relatively common in space group C2/c according to the 
compilation of structural classes by Chemikova, Beloskii & Zorkii (1991)“  for 
homomolecular organic crystals, with abundances of 9.4 and 34.3%, respectively. That 
compilation also lists two examples of Z= 8  with two molecules of 1 symmetry and two 
examples of Z= 8  with two molecules of symmetry 2, but no examples of one symmetry 1 
and one symmetry 2  .
The hydrogen bonds in the title structure apparently help to stabilize this 
anomalous structural type. The hydrogen atoms attached to N are involved in N—H—N 
or N—H—S contacts to thiocyanate, and all but two of the eight H atoms involve the 
SCN" ion, the other two involving atom S13 of the twofold symmetric cation. The 
contacts are neither extremely short nor linear. The shortest N—N distance is 2.975(2), 
and the shortest N -S  distance is 3.443(2) A; the N—H—X angles are in the range 
132(2) - 170(2)°. The broad ranges of H-bond geometries indicate unusual packing of 
the ions, illlustrated by the ORTEP plots in figure 3.1 and 3.2. Experimental details are
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
19
listed in table 3.1; atomic coordinates, bond distances, angles, anisotropic thermal 
parameters are given in tables 3.2 to 3.4.
82 3
C 23
N23
C21
N21
Co2
N22C22
Symmetry: 1
513
C13
N13
N12
C12 Col N il Y  C ll
Figure 3-1
Symmetry; 2-fold
Molecular structure of /rafWJ-Bis(isothiocyanato)-bis(ethylenediamine)- 
cobalt(iii) thiocyanate (3.1a) with displacement ellipsoids drawn at the 
40% probability level for the two independent cations. H atoms are drawn 
with arbitrary radii.
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Figure 3-2 Projection of 3.1a down the symmetry axis, with the c axis horizontal.
Table 3-1 Experimental details of />-aw5-Bis(isothiocyanato)-bis(ethylenediamine)-
cobalt(iii) thiocyanate (3.1a)
CRYSTAL DATA
Chemical formula 
[Co(NCS)2(C2H8N2>2]SCN
M f
353.38
a {k )
9.8472(5)
6(A)
12.2385(6)
c(A)
23.5157(10)
2
8
V(A3)
2779.1(7)
Radiation
MoATa
Crystal system 
Monoclinic 
Space group
« ( 0 )
101.292(4)
y(°)
(Mg m-3)
Dx (Mg m-3)
1.689
No. of reflections for 
lattice parameters 25
(table con’d)
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Wavelength (À)
0.71073
Absorption coefiBcient (mm"l)
1.66
Crystal source 
evaporation from H2 O 
Crystal colour 
Dark Red 
Crystal size (mm)
0.25 X 0.30 X 0.40 
DATA COLLECTION
Diffractometer type 
Enraf-Nonius CAD4 
Absorption correction type 
(/scans (North, Philips & Mathews, 
1968)
No. of reflections measured 
4410
No. of independent reflections 
4038
No. of observed reflections 
3439
Criterion for observed 
I> 3a(I) 
hmin 
0
kmin
0
Imin
-33
REFINEMENT
Grange for lattice parameters (°)
100 < e<  120
Temperature 
302 K
Crystal description 
Irregular Fragment
Collection method 
û>-20 Scans
Absorption correction (Tmin ^Tmax)
Tmin ~ 0.884
Tmax= 0.998
Rint
0.013
Omax
30°
No. of standard reflections (and interval) 
3, 10000 sec.
Intensity decay 
< 1% 
hmax 
13
kmax
17
Imax
32
Treatment of hydrogen atoms (circle 
appropriate entry, or describe in box 
below)
refall reficyz refU noref 
R
0.024
wR
0.032
F , or I
No. of parameters refined 
229
No. of reflections used in refinement 
3439
(table con’d)
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S
1.677
(A / cr)tnax 
< 0.01
Extinction correction method (if applied) 
Primary- and secondary- extinction values
Weighing scheme 
w = 4 Fq / [  ( j { F o ) + 0 .0 0 0 4 F o  ]
( Ap )min (cA"^)
-0.14
( Ap )max (eA"3)
0.35
Source of atomic scattering factors 
International Tables, Vol. IV, Tables 
2.2B, 2.3.1 (1974)
Additional comments:
The space group was determined by systematic absences h k 1 with h + k odd, h 01 
with 1 odd, and successful refinement of a centrosymmetric model.
Table 3-2 Atomic coordinates of 3.1a
Atom X y z Bcq(A)
Col 0 0.07800(2) '/4 1.334(4)
Co2 Vz 0 0 1.753(5)
S13 0.02990(5) 0.12630(4) 0.44770(2) 3.089(9)
85 0.31550(4) 0.09491(4) 0.14802(2) 3.020(8)
823 0.32890(6) ) -0.31104(4) -0.10666(2) 3.65(1)
N13 0.0340(1) 0.0800(1) 0.33220(6) 2 .2 1 (2 )
N il 0.1369(1) 0.1934(1) 0.25182(6) 2 .0 1 (2 )
N23 0.4371(1) -0.1258(1) -0.04493(6) 2.34(2)
N12 -0.1351(1) -0.0378(1) 0.25038(6) 1.92(2)
N21 0.6915(1) -0.0383(1) -0.00232(6) 2.62(3)
N22 0.5231(2) -0.0871(1) 0.07080(6) 2.44(3)
C23 0.3915(2) -0.2019(1) -0.07106(7) 2.26(3)
C5 0.4812(2) 0.0783(1) 0.17651(6) 2.16(3)
C12 -0.0750(2) -0.1416(1) 0.23520(9) 2.83(3)
N5 0.5974(2) 0.0634(1) 0.19421(7) 3.28(3)
C ll 0.0636(2) 0.2977(1) 0.2376(1) 3.70(4)
C13 0.0310(2) 0 .1 0 0 1 (1 ) 0.38010(6) 2.01(3)
C21 0.7362(2) -0.1260(2) 0.04070(9) 3.52(4)
C22 0.6729(2) -0.1042(2) 0.09261(8) 3.25(4)
H ll 0.029(2) 0.299(2) 0.192(1) 5.9(6)*
H12 0.125(2) 0.359(2) 0.2529(9) 4.1(5)*
H21 -0.080(2) -0.142(2) 0.1944(9) 3.9(5)*
H22 -0.119(2) -0 .2 0 2 (2 ) 0.2502(8) 3.4(4)*
(table con'd)!
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H31 0.836(2) -0.129(2) 0.049(1) 4.8(5)
H32 0.695(2) -0.196(2) 0.0194(9) 3.8(5)
H41 0.691(2) -0.168(2) 0.1189(9) 3.9(5)
H42 0.712(2) -0.036(2) 0.1127(9) 3.7(5)
HI 0.203(2) 0.444(2) 0.9654(8) 3.1(4)
H2 0.190(2) 0.175(2) 0.2255(9) 3.8(5)
H3 0.346(2) 0.457(1) 0.2871(8) 2.5(4)
H4 0.244(2) 0.527(2) 0.0028(9) 4.0(5)
H5 0.184(2) 0.196(2) 0.2835(8) 3.1(4)
H6 0.293(2) 0.477(2) 0.2300(8) 3.0(4)
H7 0.487(2) -0.147(2) 0.0630(9) 3.7(5):
H8 0.485(2) -0.054(1) 0.0956(8) 2.2(4):
Starred atoms were refined isotropically(Bûo).
Beq = ( 8  71^ / 3 ) SiEjUipi*aj*ai • aj
Table 3-3 Bond distances(A), angles(°), and torsion angles(°) of 3.1a
Col N13 1.896(1) N il Cll 1.472(2)
Col N il 1.947(1) N23 C23 1.157(2)
Col N12 1.945(1) N12 C12 1.475(2)
Co2 N23 1.901(1) N21 C21 1.482(2)
Co2 N21 1.954(1) N22 C22 1.478(2)
Co2 N22 1.953(1) C5 N5 1.153(2)
S13 C13 1.624(2) C12 C12 1.504(2)
S5 C5 1.651(1) C ll Cll 1.483(3)
823 C23 1.632(2) C21 C22 1.499(3)
N13 C13 1.159(2)
N13 Col N13 178.54(6) N21 Co2 N22 86.61(6)
N13 Col N il 89.14(6) N21 Co2 N22 93.39(6)
N13 Col N il 89.80(6) N22 Co2 N22 180
N13 Col N12 89.38(6) Col N13 C13 163.8(1)
N13 Col N12 91.69(6) Col N il  C ll 108.52(9)
N13 Col N12 91.69(6) Co2 N23 C23 175.9(1)
N il Col N il 87.01(5) Col N12 C12 108.59(9)
N il Col N12 178.49(5) Co2 N21 C21 108.3(1)
N il Col N12 93.28(5) Co2 N22 C22 108.3(1)
N12 Col N12 86.48(5) 823 C23 N23 178.6(1)
N23 Co2 N23 180 85 C5 N5 176.7(2)
N23 Co2 N21 90.08(6) N12 C12 C12 107.0(1)
N23 Co2 N21 89.92(6) N il C ll  C ll 108.9(2)
N23 Co2 N22 90.15(6) 813 C13 N13 178.6(1)
N23 Co2 N22 89.85(6) N21 C21 C22 108.2(2)
N21 Co2 N21 180 N22 C22 C21 106.8(1)
(table con’d)
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N12 Col N il C ll -114(2)
N il Col N12 C12 -95(2)
N21 Co2 N22 C22 16.6(1)
Co2 N21 C21 C22 -37.0(2)
Co2 N22 C22 C21 -40.6(2)
N21 C21 C22 N22 511(2)
T able 3 -4 Anisotropic displacement parameters of 3.1a
Name U ll U2 2 U3 3 U 1 2 Ul3 U2 3
Col 0.01303(9) 0.0190(1) 0.0189(1) 0 0.00397(8) 0
Co2 0.0251(1) 0.0232(1) 0.0186(1) -0.0038(1) 0.00513(9) -0.0055(1)
S13 0.0445(2) 0.0508(3) 0.0224(2) 0.0082(2) 0.0074(2) -0.0027(2)
S5 0.0231(2) 0.0612(3) 0.0304(2) 0.0015(2) 0.0051(1) -0 .0 1 0 1 (2 )
S23 0.0632(3) 0.0313(2) 0.0420(2) -0 .0 1 1 1 (2 ) 0.0050(2) -0.0152(2)
N13 0.0265(6) 0.0333(6) 0.0238(5) -0.0024(5) 0.0042(5) -0.0003(5)
N il 0.0196(5) 0.0248(5) 0.0332(6) -0.0033(5) 0.0081(4) 0.0001(5)
N23 0.0346(6) 0.0291(6) 0.0253(6) -0.0047(5) 0.0065(5) -0.0056(5)
N12 0.0158(5) 0.0248(5) 0.0318(6) -0.0021(4) 0.0034(4) 0.0012(5)
N21 0.0296(6) 0.0407(7) 0.0298(6) -0.0016(6) 0.0076(5) -0.0104(6)
N22 0.0402(7) 0.0294(6) 0.0239(6) -0.0028(6) 0.0080(5) -0.0036(5)
C23 0.0329(7) 0.0273(7) 0.0255(6) -0.0005(6) 0.0050(6) -0.0023(6)
C5 0.0280(6) 0.0318(7) 0.0236(6) 0.0005(6) 0.0080(5) -0.0029(6)
C12 0.0245(7) 0.0247(7) 0.057(1) -0.0027(6) 0.0044(7) -0.0046(7)
N5 0.0304(7) 0.0594(9) 0.0347(7) 0.0081(7) 0.0062(6) 0.0037(7)
C ll 0.0323(8) 0.0237(7) 0.088(1) -0 .0 0 1 2 (6 ) 0 .0 2 0 1 (8 ) 0.0079(9)
C13 0.0239(6) 0.0264(6) 0.0255(6) 0.0015(6) 0.0038(5) 0.0016(6)
C21 0.0396(9) 0.046(1) 0.047(1) 0.0131(8) 0.0070(7) -0.0047(8)
C22 0.046(1) 0.0414(9) 0.0322(8) 0.0043(8) -0 .0 0 1 0 (8 ) 0.0016(8)
The form of the anisotropic displacement factor is:
exp {-2k^ [ h^a*^U%% + k^b*^U2 2  + Pc*^U3 3  + 2( hka*b*U%2 + hla*c*U%] + 
klb*c*U23 )]}
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3.2 The structure of [2-{l-methoxy-2>(2,2-diethoxycarbonyl)}-ethyI-8- 
quinolinol-C,N,0] palladium(II)
The title compound(3.2a) is one of the palladium organometallic compounds 
from a series designated to study cyclometalated palladium complexes which possesses 
Pd-C(sp') o-bonds.^’’"*
O IO
P C 0 2 CH2CH3
C02CH2CH3
3.2a
Compound 3.2a possesses a chiral center (C28) and it is packed in a way to form 
monoclinic crystals with chiral space group P2i (The noncentrosymmetric space group). 
Because of the chirality of the compound, the absolute configuration could be 
determined. Both sets of trial structure coordinates related by a mirror symmetry 
operation of the structure solution were refined based on the same set of reduced 
intensity data. The refinement results are: R-enantiomer, R=0.025, wR=0.032, 
Goodness-of-fit =1.59; S-enantiomer, R=0.026, wR=0.034, GOF=1.71. The refinement 
result suggests that the chiral center possesses the R-configuration.
The structure is described by the relative orientation of two distinct planes: the 
quinolinol portion of the tridentate ligand, and the four atoms coordinated to the Pd 
center. The Pd atom is slightly above the best plane generated by the four atoms 
coordinated to it. The deviations are: N(0.077(3)), 01(-0.065(2)), P(0.048(l), C29(- 
0.060(3)), and Pd(0.095(l)). The Pd-C bond distance of 2.096(3) Â is typical for Pd-
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C(sp^) bonding; the Pd-N, Pd-0, and Pd-P bond lengths are also ty p ic a l.F ig u re  3.3 
shows the molecular structure of 3.2a. The procedures for intensity data collection and 
data reduction are provided in chapter 3.1. Detailed experimental conditions are given in 
table 3.5. Atomic coordinates, geometric parameters, and anisotropic displacement 
parameters are listed in tables 3.6 to 3.8.
Figure 3-3 Molecular structure of [2-{ l-methoxy-2-(2,2-diethoxycarbonyl)}-ethyl-8- 
quinolinol-C,N,0]palladium(II) (3.2a) with displacement ellipsoids drawn 
at the 40% probability level. H atoms are drawn with arbitrary radii.
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T able 3-5 Experimental details of [2- {1 -methoxy-2-(2,2-diethoxycarbonyl)} -ethyl-
8-quinolinol-C,N,0]palladium(n) (3.2a)
CRYSTAL DATA
Chemical formula
C 3 6 H 3 4 N 0 6 P P d
Mr
714.05
a(A)
10.2148(9)
6(A)
9.7728(5)
c(A)
16.7471(8)
Z
2
V ( A 3)
1600.7(3)
Radiation
MoKa
Wavelength (A)
0.71073
Absorption coefficient (mm’ )^ 
0.665
Crystal source 
organometallic 
Crystal colour 
Yellow
Crystal size (mm)
0.50x0.25 x0.20 
DATA COLLECTION
Crystal system 
Monoclinic 
Space group 
P2i
a ( 0 )
90
106.766(5)
Z(°)
90
Dm (Mg m-3)
Dx (Mg m-3)
1.48
No. of reflections for 
lattice parameters 25
Grange for lattice parameters (°)
3°< 0< 12°
Temperature
298K
Crystal description 
Lath
Difiractometer type 
Enraf-Nonius CAD4 
Absorption correction type 
^  scans (North, Philips & Mathews, 
1968)
No. of reflections measured 
5065
No. of independent reflections 
4923
Collection method 
û>-20 Scans
Absorption correction (Tmin ,Tmax)
Tmin ~ 0.9527
Tmax = 0.9990
Rint
0.015
^ a x
29.97°
(table con’d)
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No. of observed reflections 
4619
Criterion for observed 
I>3.Qa(I) 
hmin 
0
kmin
0
Imin
-14
REFINEMENT
No. of standard reflections (and interval) 
3, 10000 sec.
Intensity decay 
< 1% 
hmax 
23
kmax
13
Imcxx
13
Treatment of hydrogen atoms (circle 
appropriate entry, or describe in box 
below)
R
0.025
wR
0.032
S
1.613
(A / a)tnax 
0.003
Extinction correction method (if applied) 
Primary- and secondary- extinction values
F , or I
No. of parameters refined 
406
No. of reflections used in refinement
Weighing scheme 
w = 4Fa/[ c^(I)+(0.02Fof ]
( Ap )min (eA"3)
-0.0780
( Ap )max (eA~3)
0.7877
Source of atomic scattering factors 
International Tables, Vol. IV, Tables 
2.2B, 2.3.1 (1974) _____________
Table 3-6 Fractional coordinates of 3.2a.
Atoms X y z .Bc(A=)
Pd 0.24668(2) 0 0.71764(1) 2.418(3)
P 0.14649(6) -0.07272(8) 0.81562(4) 2.51(1)
0 1 0.3820(2) 0.1318(3) 0.8006(1) 3.57(4)
0 2 -0.0563(2) -0.0604(3) 0.5956(2) 4.40(5)
03 -0.0233(3) -0.2844(3) 0.5801(2) 4.67(6)
04 0.2360(2) -0.3336(3) 0.6917(2) 3.94(5)
OS 0.3787(2) -0.2478(3) 0.6253(2) 4.19(5)
06 0.1896(2) -0.1364(3) 0.4702(1) 4.46(5)
N 0.3478(2) 0.0709(3) 0.6416(1) 3.04(4) 
(table con’d)
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Cl 0.3175(3) 0.0328(3) 0.5638(2) 3.35(6)
C2 0.3981(3) 0.0827(5) 0.5143(2) 4.38(7)
C3 0.5045(3) 0.1677(5) 0.5481(2) 4.86(7)
C4 0.5385(3) 0.2081(4) 0.6331(2) 4.09(6)
C5 0.6452(4) 0.2954(5) 0.6753(3) 5.38(8)
C6 0.6630(4) 0.3230(5) 0.7573(3) 5.95(9)
C7 0.5774(4) 0.2693(4) 0.8023(2) 4.81(8)
C8 0.4699(3) 0.1840(3) 0.7641(2) 3.51(6)
C9 0.4533(3) 0.1550(3) 0.6787(2) 3.30(5)
CIO -0.0234(3) -0.1486(3) 0.7900(2) 3.03(5)
C ll -0.0425(3) -0.2813(4) 0.7595(2) 3.68(6)
C12 -0.1734(4) -0.3389(4) 0.7370(2) 4.88(8)
C13 -0.2837(4) -0.2648(6) 0.7428(3) 5.74(9)
C14 -0.2658(3) -0.1339(7) 0.7723(3) 5.8(1)
CIS -0.1368(3) -0.0735(5) 0.7965(2) 4.51(8)
C16 0.2591(3) -0.1925(3) 0.8854(2) 3.01(5)
C17 0.3982(3) -0.1820(4) 0.8936(2) 4.23(7)
CIS 0.4893(4) -0.2647(6) 0.9498(3) 6.3(1)
C19 0.4425(5) -0.3604(6) 0.9958(3) 7.0(1)
C20 0.3063(5) -0.3705(5) 0.9887(3) 6.4(1)
C21 0.2145(4) -0.2877(5) 0.9339(2) 4.68(8)
C22 0.0945(4) 0.1972(4) 0.8463(3) 5.13(8)
C23 0.0741(5) 0.3066(5) 0.8951(3) 6 .8 (1)
C24 0.0913(4) 0.2911(5) 0.9777(3) 6.40(9)
C25 0.1314(4) 0.1668(6) 1.0141(2) 6 .0 (1)
C26 0.1522(4) 0.0556(5) 0.9680(2) 4.60(7)
C27 0.1324(3) 0.0708(4) 0.8822(2) 3.36(6)
C28 0.1881(3) -0.0499(4) 0.5381(2) 3.40(6)
C29 0.1686(3) -0.1292(3) 0.6150(2) 2.77(5)
C30 0.2721(3) -0.2421(3) 0.6423(2) 3.19(6)
C31 0.3362(4) -0.4382(4) 0.7301(2) 4.47(7)
C32 0.2672(5) -0.5354(5) 0.7719(3) 6 .0 ( 1)
C33 0.0209(3) -0.1702(4) 0.5960(2) 3.29(6)
C34 -0.2040(3) -0.0770(6) 0.5688(3) 5.40(9)
C35 -0.2561(5) -0.0585(6) 0.4803(3) 6.5(1)
C36 0.0582(4) -0.1517(7) 0.4098(2) 6.3(1)
Table 3-7 Bond distances, angles, and torsion angles of 3.2a.
Pd P 2.2834(8) C l C8  1.380(5)
Pd 0 1 2.096(2) C8 C9 1.419(5)
Pd N 1.982(3) CIO C ll 1.387(5)
Pd C29 2.096(3) CIO CIS 1.401(5)
P CIO 1.821(3) C ll C12 1.398(5)
(table con’d)
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p C16 1.812(3) C12 C13 1.366(6)
p C27 1.823(3) C13 C14 1.364(8)
0 1 C8 1.325(4) C14 C15 1.393(5)
0 2 C33 1.331(4) C16 C17 1.391(5)
0 2 C34 1.453(4) C16 C21 1.395(5)
03 C33 1.204(4) C17 C18 1.378(6)
04 C30 1.340(4) C18 C19 1.382(8)
04 C31 1.459(4) C19 C20 1.365(8)
05 C30 1.203(4) C20 C21 1.371(6)
06 C28 1.420(4) C22 C23 1.398(7)
06 C36 1.437(4) C22 C27 1.380(5)
N Cl 1.304(4) C23 C24 1.350(7)
N C9 1.355(4) C24 C25 1.367(7)
Cl C2 1.413(5) C25 C26 1.385(7)
Cl C28 1.502(4) C26 C27 1.400(4)
C2 C3 1.355(5) C28 C29 1.564(4)
C3 C4 1.421(5) C29 C30 1.505(4)
C4 C5 1.404(5) C29 C33 1.505(4)
C4 C9 1.411(5) C31 C32 1.474(7)
C5 C6 1.358(7) C34 C35 1.434(6)
C6 C7 1.410(7)
P Pd 0 1 93.53(7) CIO Cll C12 119.9(3)
P Pd N 174.44(6) C ll C12 C13 120.8(4)
P Pd C29 105.00(9) C12 C13 C14 119.7(4)
0 1 Pd N 81.05(9) C13 C14 C15 121.3(4)
0 1 Pd C29 159.4(1) CIO C15 C14 119.3(4)
N Pd C29 80.2(1) P C16 C17 117.1(3)
Pd P CIO 123.49(9) P C16 C21 123.6(2)
Pd P C16 109.4(1) C17 C16 C21 119.2(3)
Pd P C27 109.3(1) C16 C17 C18 119.6(4)
CIO P C16 105.9(1) C17 C18 C19 120.2(4)
CIO P C27 102.7(1) C18 C19 C20 120.5(4)
C16 P C27 104.5(1) C19 C20 C21 119.9(5)
Pd 0 1 C8 109.6(2) C16 C21 C20 120.5(4)
C33 0 2 C34 118.1(3) C23 C22 C27 120.0(4)
C30 04 C31 117.2(3) C22 C23 C24 121.1(4)
C28 06 C36 113.7(3) C23 C24 C25 119.3(5)
Pd N Cl 1 2 1 .6 (2 ) C24 C25 C26 121.5(4)
Pd N C9 114.2(2) C25 C26 C27 119.2(4)
Cl N C9 124.1(3) P C27 C22 118.9(3)
N Cl C2 118.5(3) P C27 C26 122.2(3)
N Cl C28 112.1(3) C22 C27 C26 118.8(4)
C2 Cl C28 129.1(3) 06 C28 Cl 109.7(3)
Cl C2 C3 120.0(3) 06 C28 C29 113.4(3) 
(table con’d)
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C2 C3 C4 121.6(4) Cl C28 C29 109.9(2)
C3 C4 C5 127.1(4) Pd C29 C28 10S.6(2)
C3 C4 C9 11S.4(3) Pd C29 C30 97.2(2)
C5 C4 C9 117.S(3) Pd C29 C33 117.0(2)
C4 C5 C6 119.1(4) C28 C29 C30 111.7(3)
C5 C6 C7 122.9(4) C28 C29 C33 108.S(2)
C6 C7 C8 120.6(4) C30 C29 C33 116.2(3)
0 1 C8 C7 124.9(3) 04 C30 OS 122.9(3)
0 1 C8 C9 119.2(3) 04 C30 C29 112.5(3)
C7 C8 C9 11 S.8(3) OS C30 C29 124.5(3)
N C9 C4 120.S(3) 04 C31 C32 106.9(3)
N C9 C8 11S.S(3) 02 C33 03 124.2(3)
C4 C9 C8 124.0(3) 02 C33 C29 110.0(3)
P CIO C ll 119.4(2) 03 C33 C29 125.7(3)
P CIO CIS 121.4(3) 02 C34 C3S 110.4(4)
C ll CIO CIS 119.1(3)
P Pd N Cl 167.9(7)
P Pd N C9 -8.9(9)
C29 Pd N Cl 9.8(3)
C29 Pd N C9 -167.0(3)
P Pd C29 C28 1S8.6(2)
N Pd C29 C28 -23.6(2)
Pd N Cl C28 8.7(4)
09 N Cl C28 -174.8(3)
Pd N C9 C8 -3.1(4)
Cl N C9 C8 -179.8(3)
N Cl C28 C29 -29.3(4)
Cl C28 C29 Pd 34.6(3)
Table 3-8 Anisotropic displacement parameters of 3.2a
Pd 0.03298(6) 0.02986(7) 0.03147(6) -0.00481(9) 0.01315(4) 0.00040(9)
P 0.0322(2) 0.0324(3) 0.0328(2) -0.0042(3) 0.0125(2) 0.0008(3)
0 1 0.0502(9) 0.045(1) 0.0424(9) -0.0193(9) 0.0170(7) -0.006(9)
0 2 0.0364(9) 0.060(1) 0.067(1) 0.007(1) 0.0080(9) 0.007(1)
03 0.056(1) 0.053(1) 0.063(1) -0 .0 2 0 ( 1 ) 0 .0 1 0 ( 1 ) -0.006(1)
04 0.0560) 0.038(1) 0.060(1) 0.0105(9) 0.0235(8) 0 .0 1 1 (1 )
OS 0.048(1) 0.052(1) 0.064(1) 0.009(1) 0.0241(8) 0.003(1)
06 0.061(1) 0.073(2) 0.0367(9) 0 .0 0 1 ( 1 ) 0.0164(8) -0 .0 1 1 ( 1 )
N 0.0403(9) 0.040(1) 0.0406(9) 0 .0 0 0 ( 1 ) 0.0195(7) 0.005(1)
Cl 0.047(1) 0.041(2) 0.045(1) 0.004(1) 0.0224(9) 0.007(1) 
(table con’d)
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C2 0.065(2) 0.064(2) 0.047(1) 0.003(2) 0.031(1) 0.009(1)
C3 0.063(1) 0.067(2) 0.069(1) -0 .0 0 2 (2 ) 0.043(1) 0.017(2)
C4 0.047(1) 0.052(2) 0.065(1) -0 .0 0 2 ( 1 ) 0.029(1) 0.017(1)
C5 0.056(1) 0.071(2) 0.085(2) -0.023(1) 0.030(1) 0.018(2)
C6 0.057(2) 0.071(2) 0.093(3) -0.034(2) 0.013(2) 0 .0 1 2 (2 )
C l 0.061(2) 0.056(2) 0.063(2) -0.019(2) 0.014(1) 0.006(2)
C8 0.043(1) 0.039(1) 0.051(1) -0.008(1) 0.014(1) 0.005(1)
C9 0.038(1) 0.038(1) 0.055(1) -0.005(1) 0.0212(9) 0.008(1)
CIO 0.035(1) 0.042(1) 0.040(1) -0.006(1) 0.0137(9) 0.007(1)
C ll 0.044(1) 0.049(2) 0.046(1) -0 .0 1 2 ( 1) 0 .0 1 2 ( 1 ) 0.003(1)
C12 0.056(2) 0.067(2) 0.058(2) -0.029(2) 0.008(1) 0.006(2)
C13 0.043(1) 0.100(3) 0.071(2) -0.028(2) 0 .0 1 0 ( 1 ) 0.017(2)
CM 0.037(1) 0.098(3) 0.086(2) 0.004(2) 0.019(1) 0 .0 2 1 (2 )
CIS 0.039(1) 0.065(2) 0.070(2) 0 .0 0 2 (2 ) 0 .0 2 0 ( 1 ) 0 .0 1 0 (2 )
C16 0.042(1) 0.037(1) 0.033(1) -0 .0 0 2 ( 1 ) 0.006(1) 0 .0 0 1 (1 )
C17 0.042(1) 0.057(2) 0.055(2) 0.004(2) 0.005(1) 0.006(2)
CIS 0.055(2) 0.086(3) 0.083(3) 0.015(2) -0.004(2) 0.010(3)
C19 0.106(3) 0.069(3) 0.065(2) 0.020(3) -0.017(2) 0.015(2)
C20 0.098(3) 0.071(2) 0.060(2) -0 .0 1 1 (2 ) 0 .0 0 2 (2 ) 0.028(2)
C21 0.066(2) 0.059(2) 0.049(2) -0 .0 1 1 (2 ) 0.009(1) 0.013(2)
C22 0.085(2) 0.046(2) 0.077(2) 0 .0 0 2 (2 ) 0.044(1) -0 .0 0 1 (2 )
C23 0.111(3) 0.042(2) 0.127(3) -0 .0 0 1 (2 ) 0.070(2) -0.013(2)
C24 0.086(2) 0.071(2) 0.106(2) -0 .0 2 0 (2 ) 0.060(1) -0.039(2)
C25 0.076(2) 0.100(3) 0.064(2) -0.013(2) 0.039(1) -0.029(2)
C26 0.060(2) 0.072(2) 0.049(1) -0.009(2) 0.025(1) -0 .0 1 2 (2 )
C ll 0.043(1) 0.045(2) 0.046(1) -0.005(1) 0.0227(9) -0.006(1)
C28 0.050(1) 0.046(1) 0.036(1) 0.004(1) 0.0174(9) 0 .0 0 2 ( 1)
C29 0.037(1) 0.034(1) 0.034(1) -0 .0 0 0 ( 1 ) 0.0113(8) 0 .0 0 1 (1)
C30 0.046(1) 0.035(1) 0.040(1) 0 .0 0 1 ( 1 ) 0 .0 1 2 (1 ) -0.004(1)
C31 0.061(2) 0.046(2) 0.061(2) 0.014(2) 0.015(1) 0.007(2)
C32 0.091(3) 0.050(2) 0.089(2) 0.018(2) 0.029(2) 0.023(2)
C33 0.040(1) 0.051(2) 0.032(1) -0.004(1) 0.0065(9) 0 .0 0 2 ( 1)
C34 0.037(1) 0.095(3) 0.070(2) 0.007(2) 0.009(1) 0 .0 2 0 (2 )
C35 0.065(2) 0.096(3) 0.076(2) 0.007(2) 0.006(2) 0.024(2)
C36 0.059(2) 0.134(4) 0.045(2) -0.011(3) 0 .0 1 1 ( 1 ) -0.027(2)
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CHAPTER 4 
STRUCTURES OF ORGANIC NATURAL PRODUCTS
4.1 The structure of ll(x,13-dihydroamifolin and 2-deacetyl-4-o-
tigloyichamissionolide - The natural products of helenamoilde type 
sesquiterpene lactones.
The molecular geometry of helenanolide-type sesquiterpene lactones have 
attracted attention because they play an important role in the pharmacological activities 
of those Arnica species used in phytomedicine. It has been shown that conformation of 
the ring system has modulatory influence on the bioactivity. Of the four known 
helenamolide-type sesquiterpene lactones, amifolin (4.1a), lla,I3-dihydroamifolin 
(4.1b), 2-deacetyl-6-o-tigloylchamissionolide (4.1c), and 2-deacetyl-4-o- 
tigloylchamissionolide (4. Id), the crystal structures of 4.1h and 4.1d has been 
determined.
HQ
HQ
4.1a 4.1b
33
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HO
HO
■oHO
HO
4.1c 4.1d
Compound 4.1b was isolated from MeOH/water mixtures and crystallized as the 
monohydrate from EtzO upon standing in a refrigerator. Compound 4.Id was an 
anhydrate crystallized from EtOAc. The experimental methods are the same as noted in 
chapter 3.1.2. Data reduction included corrections for background, Lorentz, 
polarization, and linear decay efiects. Absorption corrections were based on \|/ scans. 
All non-hydrogen atoms were determined anisotropically. The H atoms on OH and H2O 
were placed from difference maps. . Since 4.1a and 4.1b are isomorphous, the atomic 
coordinates from 4.1a were used as a beginning refinement model for 4.1b
Hydrogen bonding is found to play an important role in the crystal packing of 
4.1b and 4.1d In compound 4.1b, the lactone carbonyl forms an H-bond with one of 
the H2O hydrogens, while the OH group at C2  donates a hydrogen bond to one water 
molecule and accpets a hydrogen from another. The 0  0  distances are; 03-01W  
2.832(6), 05 -01W  2.719(6), and OIW 05 2.790(6)Â. The tigloyl group in 4.1b is 
disordered with both S-trans and S-cis forms present; the S-cis form is favored, with site 
occupation factor 0.55. In compound 4.1d, the OH at C2 forms an intermolecular H- 
bond with the lactone carbonyl group, the 05—03 distance 2.805(3)Â. The OH at C6
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
35
forms an intermolecular H-bond with the ester carbonyl 06, 0 1 —06 2.821(3)Â. No 
disorder was observed for the tigloyl group of 4. ( However, the tigloyl group of 4.1c, 
isomer of 4.Id, did show disorder with 83% cisoid and 17% transoid populations. It is 
believed that the carbonyl oxygen of the tygloyl group in 4. Id participates as part of the 
crystal’s intermolecular H-bonding framework so that only one orientation is favorable. 
The higher melting point, lower solubility in lipophilic solvents, and the lower wave 
number of the ester carbonyl of 4.1d in comparison to 4.1c also support the hydrogen 
bonding effect (figure 4.1). ORTEP plots of 4.1b and 4.1d are given in figure 4.2. 
Experimental details are listed in tables 4.1 and 4.2, atomic coordinates, geometric 
parameters are listed from tables 4.3 to 4.10.
06AA
0I1AA)
0(1)-0(6A ), 0(6) ••••O(IAA); 2.821(3)Â 
0(5) ••••0(3B): 2.805(3)A_____
Figure 4-1 Intermolecular hydrogen bonding of 2-deacetyl-4-o-
tigloylchamissionolide(4.1d).
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C20A
(4.1b)
C20
(4.1d)
Figure4-2 Molecular structures of lla,13-dihydroamifolin(4.1b) and 2-deacetyl-4- 
o-tigloylchamissionolide(4.1d) with displacement ellipsoids drawn at the 
30% probability level.
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Table 4-1 Experimental details of 1 lot, 13-dihydroarnifolin(4.1b).
CRYSTAL DATA
Chemical formula Crystal system
C20O7H30 Monoclinic
M r Space group
382.46 P2,
a(Â ) a ( 0 )
11.3439(8)
6 (A) P(P)7.9732(8) 94.5709(1)
c(A) y(°)11.4652(8)
Z Dm (Mg m-3)
2
V(A3) Dx (Mg m-3)
1033.7(3) 1.23
Radiation No. of reflections
CuKa lattice parameters
Wavelength (A) Grange for lattice
0.71073
1 1 ° <  0<24O
Absorption coeflflcient (mm'h Temperature
7.26 296 K
25
Crystal source
evaporation from H2 O
Crystal colour 
colorless 
Crystal size (mm) 
0.38x0.25x0.25 
DATA COLLECTION
Diffractometer type 
Enraf-Nonius CAD4 
Absorption correction type 
yr scans (North, Philips & Mathews, 
1968)
No. of reflections measured 
4444
No. of independent reflections 
4230
Crystal description 
lath
Collection method 
ta-20 Scans
Absorption correction (Tmin ,Tniax)
Tmin~ 0.9148
Tmax= 0.9977
Rint
0.033
&max
74.96°
(table con’d)
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No. of observed reflections 
2292
Criterion for observed 
I> 3o(I) 
hmin 
0
kmin
-9
^min
-14
REFINEMENT
No. of standard reflections (and interval) 
3, 10000 sec.
Intensity decay 
< 1% 
hmax 
14
kmcDc
9
intcDc
14
Treatment of hydrogen atoms (circle 
appropriate entry, or describe in box 
below)
R
0.063
wR
0.062
S
1.573
(A / cr)niax 
< 0.01
Extinction correction method (if applied) 
isotropic (Zahcariasen, 1963)
Primary- and secondary- extinction values 
0.67 X 10'^
F , or I
No. of parameters refined 
253
No. of reflections used in refinement 
2292
Weighing scheme 
w = 4 Fq / [ ( j  {I)+0.0004Fq ]
( Ap )min (eA"^)
-0.3058
( Ap )max (eA"^)
0.2992
Source of atomic scattering factors 
International Tables, Vol. IV, Tables 
2.2B, 2.3.1 (1974)
Additional comments:
Hydrogen atoms are included in the structure factor calculation but not refined.______
Table 4-2 Experimental details of and 2-deacetyl-4-o-tigloylchamissionolide (4. Id).
CRYSTAL DATA
Chemical formula 
C20H28O6 
Mr
364.44
a (A)
8.831(6)
Crystal system 
Monoclinic 
Space group 
P2i
( Z ( 0 )
(table con’d)
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b ik )
10.320(1)
c(Â)
10.8856(5)
Z
2
V(Â3)
937.2(2)
Radiation
CuKa
Wavelength (À)
1.54184
Absorption coefficient (nim"^) 
0.738
Crystal source
Crystal colour 
colorless 
Crystal size (mm)
0.38 X 0.38 X 0.25 
DATA COLLECTION
Diffiactometer type 
Enraf-Nonius CAJD4 
Absorption correction type 
^  scans (North, Philips & Mathews, 
1968)
No. of reflections measured 
5889
No. of independent reflections 
3745
No. of observed reflections 
2015
Criterion for observed 
I> 3c7(I) 
hmin 
-11 
kmin 
-12
110.1(4)
y m
Dm (Mg m-3)
Dx (Mg m-3)
1.29
No. of reflections for 
lattice parameters 25
Grange for lattice parameters (°) 
1 1 0 < ^<300 
Temperature 
296 K
Crystal description 
lath
Collection method 
ry-20 Scans
Absorption correction (Tmin ,Tmax) 
Tmin= 0.9290 
Tmax= 0.9955 
kint 
0.026 
Omax
74°
(table con’d)
No. of standard reflections (and interval) 
3, 10000 sec.
Intensity decay 
< 1% 
hmax 
11
kmax
12
(table con’d)
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Imin
-13
REFINEMENT
Treatment of hydrogen atoms 
included, not refined 
R
0.037
wR
0.048
S
1.677
(A / a)max 
< 0.012
Extinction correction method (if applied) 
isotropic (Zachariasen, 1963)
Primary- and secondary- extinction values 
0.97x10'^
Imax
13
F , or I
No. of parameters refined 
235
No. of reflections used in refinement 
2015
Weighing scheme
yv = 4 Fq j{<j(f)+0.0004FQ ]
( Ap )min (eA"^)
-0.2876
( Ap )max (eA~3)
0.3769
Source of atomic scattering factors 
International Tables, Vol. IV, Tables
2.26,2.3.1 (1974) _____________
Table 4-3 Fractional atomic coordinates of 4.1b
Atoms X y z B eq(A )
0 1 0.6974(4) 1 . 0 0 0 0.6787(4) 8 .0 ( 1 )
OIW 0.0262(3) 0.4960(6) 0.8678(4) 7.3(1)
0 2 0.4248(3) 0.4367(5) 0.8286(3) 6.27(9)
03 0.2540(4) 0.5699(6) 0.7968(4) 8.4(1)
04 0.7145(3) 0.6194(5) 0.6237(3) 5.05(8)
05 0.9053(3) 0.7335(5) 0.9914(4) 6.3(1)
06 0.6370(4) 0.6599(5) 0.4396(3) 6.7(1)
Cl 0.7274(4) 0.6555(7) 0.8700(4) 4.7(1)
C2 0.7919(5) 0.7905(7) 0.9463(5) 5.7(1)
C3 0.8016(6) 0.9373(8) 0.8642(7) 7.8(2)
C4 0.7119(5) 0.9105(7) 0.7636(5) 5.7(1)
C5 0.6398(5) 0.7555(6) 0.7849(5) 4.6(1)
C6 0.6022(4) 0.6710(7) 0.6684(4) 4.6(1)
C l 0.5200(5) 0.5176(7) 0.6625(5) 4.9(1)
C8 0.5245(5) 0.3926(7) 0.7621(5) 5.2(1)
C9 0.6314(5) 0.3710(7) 0.8462(5) 5.9(1)
CIO 0.6726(5) 0.5088(8) 0.9333(5) 5.3(1)
C ll 0.3876(5) 0.5533(7) 0.6447(5) 5.2(1)
C12 0.3456(5) 0.5232(8) 0.7592(5) 6 .1 (1 )
C13 0.3420(5) 0.7115(8) 0.5819(6) 6.9(2)
(table con’d)
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C14 0.7595(6) 0.4372(9) 1.0293(5) 7.3(2)
CIS 0.5349(5) 0.8233(8) 0.8445(6) 6.0(1)
C16 0.7208(5) 0.6266(7) 0.5083(4) 5.3(1)
C17 0.8423(6) 0.5861(8) 0.4741(5) 6.7(2)
CIS 0.9300(6) 0.545(1) 0.5614(7) 10.8(3)
C19 0.8591(7) 0.596(1) 0.3570(7) 10.6(3)
C20A 0.974(1) 0.566(2) 0.319(1) 11.1(5)
C20B 1.042(1) 0.525(3) 0.504(2) 11.7(6)
B e q  =  (  8  7C^ /  3 ) IjZjUi^i*aj*ai • aj 
Table 4-4 Hydrogen Atom Positional Parameters of of 4.1b
Atom X y z Büo(Â")
HI 0.7963 0.6146 0.8284 4*
H2 0.7390 0.8303 1.0239 4*
H3A 0.8712 0.9206 0.8622 4*
H3B 0.7824 1.0539 0.8824 9.1*
H6 0.5562 0.7492 0.5983 4*
H7 0.5486 0.4602 0.5884 4*
H8 0.4963 0.2805 0.7044 4*
H9A 0.7038 0.3323 0.7967 4*
H9B 0.6326 0.2794 0.8894 4*
HID 0.6025 0.5487 0.9746 4*
H ll 0.3623 0.4372 0.5946 4*
H13A 0.2513 0.7187 0.6028 4*
H13B 0.3810 0.8187 0.6371 4*
H14A 0.8209 0.3891 0.9867 4*
H14B 0.7158 0.3686 1.0695 4*
H14C 0.7793 0.5281 1.1012 4*
H15C 0.4740 0.7525 0.8626 4*
H15A 0.5596 0.8856 0.9207 4*
H15B 0.4913 0.8854 0.7915 4*
H19 0.7855 0.6167 0.3125 4*
H21 0.9445 0.8299 1.0522 4*
H22 -0.0110 0.5927 0.8947 4*
H23 0.0979 0.5483 0.8440 4*
H13C 0.3577 0.7178 0.4994 9.1*
Starred atoms were refined isotropically.
Table 4-5 Bond Distances, angles, and torsion angles of 4.1b
01 C4 1.208(7) C5 CIS 1.517(8)
02 C8 1.457(7) C6 C7 1.536(7)
02 C12 1.342(7) C7 C8 1.514(7)
(table con’d)
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03 C12 1.215(7) C7 C ll 1.527(7)
04 C6 1.470(6) C8 C9 1.498(8)
04 C16 1.332(6) C9 CIO 1.532(8)
05 C2 1.423(7) CIO C14 1.529(8)
06 C16 1.215(6) C ll C12 1.452(8)
Cl C2 1.535(8) C ll C13 1.523(8)
Cl C5 1.555(7) C16 C17 1.497(9)
Cl CIO 1.533(8) C17 CIS 1.393(9)
C2 C3 1.512(9) C17 C19 1.37(1)
C3 C4 1.491(9) C18 C20B 1.49(2)
C4 C5 1.512(7) C19 C20A 1.43(2)
C5 C6 1.526(7)
OIW H22 0.944(5) CIO HIO 1.009(6)
OIW H23 0.973(4) C ll H ll 1.114(5)
05 H21 1.108(4) C13 H13A 1.076(6)
Cl HI 1.003(5) C13 H13B 1.134(6)
C2 H2 1.157(6) C13 H13C 0.977(7)
C3 H3A 0.803(7) C14 H14A 0.962(7)
C3 H3B 0.981(6) C14 H14B 0.891(7)
C6 H6 1.112(5) C14 H14C 1.108(7)
C7 H7 1.039(5) C15 H15C 0.928(6)
C8 H8 1.142(5) C15 H15A 1.026(6)
C9 H9A 1.080(6) C15 H15B 0.901(6)
C9 H9B 0.882(6) C19 H19 0.957(8)
C8 02 C12 108.9(4) C6 Cl C ll 116.4(4)
C6 04 C16 116.8(4) C8 Cl C ll 101.3(4)
C2 Cl C5 104.4(4) 02 C8 Cl 104.8(4)
C2 Cl CIO 117.3(4) 02 C8 C9 108.3(4)
C5 Cl CIO 115.1(4) C7 C8 C9 122.5(5)
05 C2 Cl 111.1(4) C8 C9 CIO 121.7(5)
05 C2 C3 111.4(5) Cl CIO C9 110.6(4)
Cl C2 C3 104.1(5) Cl CIO C14 111.3(5)
C2 C3 C4 106.9(5) C9 CIO C14 110.3(5)
01 C4 C3 125.4(5) C7 C ll C12 103.8(4)
01 C4 C5 124.9(5) C7 C ll C13 120.7(5)
C3 C4 C5 109.7(5) C12 C ll C13 116.2(5)
Cl C5 C4 101.2(4) 02 C12 03 119.8(5)
Cl C5 C6 116.3(4) 02 C12 C ll 111.7(5)
Cl C5 C15 112.6(4) 03 C12 C ll 128.5(5)
C4 C5 C6 109.6(4) 04 C16 06 123.5(5)
C4 C5 C15 103.6(4) 04 C16 C17 112.0(4)
C6 C5 C15 112.1(4) 06 C16 C17 124.5(5)
04 C6 C5 103.8(4) C16 C17 CIS 118.8(5)
(table con’d)
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0 4 C6 C7 107.5(4) C16 C17 C19 116.5(5
C5 C6 C l 121.1(4) C18 C17 C19 124.7(7
C6 C7 C8 120.5(4) C17 C18 C20B 107(1)
C17 C19 C20A 119.4(8)
H22 OIW H23 98.5(4) C8 C9 H9A 107.8(5)
C2 05 H21 108.2(4) C8 C9 H9B 115.6(6)
C2 Cl HI 98.3(4) CIO C9 H9A 110.0(5)
C5 Cl HI 110.6(4) CIO C9 H9B 103.6(5)
CIO Cl HI 109.8(5) H9A C9 H9B 94.7(5)
05 C2 H2 108.5(5) Cl CIO HIO 110.2(5)
Cl C2 H2 112.2(4) C9 CIO HIO 108.8(5)
C3 C2 H2 109.5(5) CM CIO HIO 105.4(5)
C2 C3 H3A 90.6(6) Cl C ll H ll 97.1(4)
C2 C3 H3B 124.9(7) C12 C ll H ll 103.8(5)
C4 C3 H3A 124.5(8) C13 C ll H ll 112.4(5)
C4 C3 H3B 98.7(5) C ll C13 H13A 103.5(5)
H3A C3 H3B 113.4(7) C ll C13 H13B 104.9(5)
0 4 C6 H6 105.9(4) C ll C13 H13C 114.8(6)
C5 C6 H6 117.8(4) H13A C13 H13B 99.9(5)
C7 C6 H6 99.6(4) H13A C13 H13C 117.7(6)
C6 C7 H7 99.1(4) H13B C13 H13C 114.1(6)
H14B CM H14C 95.9(5) H15C C15 H15B 96.1(5)
C5 C15 H15C 120.6(6) H15A C15 H15B 114.0(6)
C5 C15 HI 5 A 112.7(5) C17 C19 H19 110.3(7)
C5 C15 H15B 107.5(6) C20A C19 H19 130.1(9)
H15C C15 H15A 105.1(6)
C12 02 C8 C l 21.8(6)
C12 02 C8 C9 154.1(5)
C8 02 C12 03 178.6(5)
C8 02 C12 C ll -3.5(6)
C16 04 C6 C5 -144.9(4)
C16 04 C6 Cl 85.6(5)
C6 04 C16 06 -6.1(8)
C6 04 C16 C17 174.9(5)
C5 Cl C2 05 -154.6(4)
C5 Cl C2 C3 -34.6(5)
CIO Cl C2 05 76.7(6)
CIO Cl C2 C3 -163.3(5)
C2 Cl C5 C4 36.0(5)
C2 Cl C5 C6 154.7(4)
C2 Cl C5 C15 -74.0(5)
CIO Cl C5 C4 166.1(4)
(table con’d)
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CIO Cl CS C6 -15.3(6)
CIO Cl CS CIS 56.1(6)
C2 Cl CIO C9 -170.0(5)
C2 Cl CIO C14 -47.0(6)
C5 Cl CIO C9 66.6(6)
C5 Cl CIO CM -170.5(5)
05 C2 C3 C4 138.9(5)
Cl C2 C3 C4 19.1(6)
C2 C3 C4 01 -177.1(6)
C2 C3 C4 CS 3.9(7)
01 C4 CS Cl 156.3(5)
01 C4 CS C6 33.0(7)
01 C4 CS CIS -86.9(7)
C3 C4 CS Cl -24.7(6)
C3 C4 CS C6 -148.1(5)
C3 C4 CS CIS 92.1(5)
Cl CS C6 04 -SO. 1(5)
Cl CS C6 Cl 70.7(6)
C4 CS C6 04 63.9(5)
C4 CS C6 C7 -175.4(5)
CIS CS C6 04 178.3(4)
CIS CS C6 Cl -61.0(6)
04 C6 Cl CS 86.4(5)
04 C6 Cl C ll -150.5(4)
CS C6 Cl CS -32.5(7)
CS C6 Cl C ll 90.1(6)
C6 C7 C8 02 100.3(5)
C6 C7 CS C9 -23.3(8)
C ll C l C8 02 -29.8(5)
C ll C l CS C9 -153.5(5)
C6 C l C ll C12 -105.1(5)
C6 C l C ll C13 27.3(7)
C8 C l C ll C12 27.5(5)
C8 C l C ll C13 159.9(5)
02 C8 C9 CIO -54.4(7)
C7 CS C9 CIO 67.6(7)
C8 C9 CIO Cl -72.5(7)
C8 C9 CIO CM 164.0(5)
C7 C ll C12 02 -16.0(6)
C7 C ll C12 03 161.7(6)
C13 C ll C12 02 -151.0(5)
(table con’d)
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C13 C ll C12 03 26.6(9)
04 C16 C17 CIS 1.0(9)
04 C16 C17 C19 -177.7(6)
06 C16 C17 CIS -17S.1(7)
06 C16 C17 C19 3(1)
C16 C17 CIS C20B -175(1)
C19 C17 CIS C20B 3(1)
C16 C17 C19 C20A 177(1)
CIS C17 C19 C20A -1(2)
Table 4-6 Anisotropic Thermal Parameters - U's o f 4.1b
Name Uii U22 U33 U 12 U,3 U23
01 0.113(3) 0.065(2) 0.123(3) -0.012(3) -0.007(3) 0.016(3)
OIW 0.072(2) 0.090(3) 0.116(3) 0.011(2) 0.012(2) 0.008(3)
02 0.077(2) 0.083(3) 0.080(2) -0.012(2) 0.016(2) 0.004(2)
03 0.075(2) 0.115(4) 0.133(3) -0.004(3) 0.032(2) -0.016(3)
04 0.069(2) 0.071(2) 0.054(2) 0.011(2) 0.018(2) 0.005(2)
05 0.070(2) 0.072(2) 0.094(3) 0.003(2) -0.012(2) -0.009(2)
06 0.103(3) 0.083(3) 0.066(2) 0.017(2) -0.003(2) 0.005(2)
Cl 0.057(3) 0.065(3) 0.058(3) -0.000(3) 0.009(2) -0.005(3)
C2 0.066(3) 0.067(3) 0.083(4) 0.005(3) -0.002(3) -0.013(3)
C3 0.091(4) 0.057(4) 0.144(6) -0.003(4) -0.030(4) -0.003(4)
C4 0.0S1(4) 0.048(3) 0.087(4) 0.010(3) 0.002(3) 0.012(3)
C5 0.064(3) 0.048(3) 0.066(3) 0.006(3) 0.013(3) -0.002(3)
C6 0.063(3) 0.056(3) 0.057(3) 0.011(3) 0.009(2) -0.001(3)
C7 0.073(3) 0.047(3) 0.068(3) 0.001(3) 0.011(3) -0.010(3)
CS 0.075(3) 0.061(3) 0.062(3) 0.001(3) 0.011(3) -0.003(3)
C9 0.0S7(4) 0.054(3) 0.084(4) -0.002(3) 0.007(3) 0.017(3)
CIO 0.073(3) 0.070(3) 0.060(3) -0.003(3) 0.009(3) 0.006(3)
C ll 0.065(3) 0.055(3) 0.079(3) -0.003(3) 0.002(3) -0.006(3)
C12 0.064(3) 0.074(4) 0.093(4) -0.014(3) 0.016(3) -0.022(3)
C13 0.075(4) 0.077(4) 0.108(5) 0.005(3) -0.012(4) 0.007(4)
C14 0.102(4) 0.103(5) 0.072(4) -0.010(4) 0.004(3) 0.034(3)
C15 0.064(3) 0.073(4) 0.090(4) 0.013(3) 0.008(3) -0.013(3)
C16 0.0S7(3) 0.057(3) 0.062(3) -0.002(3) 0.021(3) 0.001(3)
C17 0.097(4) 0.084(4) 0.077(3) -0.005(4) 0.037(3) -0.004(3)
CIS 0.078(4) 0.201(9) 0.134(6) 0.027(5) 0.023(4) -0.013(7)
C19 0.113(5) 0.164(8) 0.132(5) 0.008(6) 0.051(4) -0.009(6)
C20A 0.133(9) 0.19(2) 0.107(8) -0.00(1) 0.069(7) -0.00(1)
C20B 0.052(8) 0.19(2) 0.20(2) 0.01(1) -0.01(1) -0.01(2) 
(table con’d)
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The form of the anisotropic displacement factor is:
exp [-2tc2 { h^a*^U%i + k^b*^U2 2  1^ 0 * ^ 1 1 3 3  + 2 ( hka*b*Ui2  + hla*c*U%3 + 
klb*c*U23 )}]
Table 4-7 Fractional atomic coordinates of 4. Id
Atoms X y z
0 1 0.1063(2) 0 . 0 0 0 -0.3766(2) 3.77(5)
0 2 0.2914(2) 0.1038(2) 0.0564(2) 3.63(5)
03 0.2369(3) 0.3119(2) 0.0154(2) 5.37(6)
04 -0.0907(2) -0.1943(2) -0.3573(2) 2.83(4)
05 0.0653(2) -0.4663(2) -0.1025(2) 4.36(5)
06 -0.2215(3) -0.2631(2) -0.5614(2) 5.17(5)
Cl 0.2002(3) -0.2672(3) -0.1309(2) 2.41(5)
C2 0.1556(3) -0.4074(3) -0.1735(3) 3.03(6)
C3 0.0558(4) -0.3991(3) -0.3203(3) 3.95(7)
C4 • 0.0541(3) -0.2581(3) -0.3595(2) 2.94(6)
C5 0.1999(3) -0.1971(3) -0.2557(2) 2.64(6)
C6 0.1944(3) -0.0469(3) -0.2482(3) 2.74(6)
C7 0.1260(3) 0.0043(3) -0.1455(2) 2.47(6)
C8 0.2373(3) -0.0233(3) -0.0026(2) 2.61(6)
C9 0.3861(3) -0.1038(3) 0.0194(3) 3.01(6)
CIO 0.3514(3) -0.2488(3) -0.0108(2) 2.79(6)
C ll 0.1075(3) 0.1485(3) -0.1470(3) 3.01(6)
C12 0.2128(3) 0.2005(3) -0.0206(3) 3.62(7)
C13 0.0129(4) 0.2249(3) -0.2398(3) 4.19(8)
CM 0.3439(4) -0.3199(3) 0.1086(3) 4.36(8)
C15 0.3450(3) -0.2347(3) -0.2934(3) 3.82(7)
C16 -0.2169(3) -0.1973(3) -0.4681(3) 3.18(6)
C17 -0.3493(3) -0.1101(3) -0.4663(3) 3.04(6)
C18 -0.3306(4) -0.0360(4) -0.3450(3) 5.26(9)
C19 -0.4730(4) -0.0998(4) -0.5756(3) 4.87(8)
C20 -0.6208(5) -0.0175(5) -0.6017(4) 7._1(1).
Beq = (87c / 3 )  EiEjUijai*aj*ai “y
Table 4-8 Hydrogen Atom Positional Parameters of 4.Id
Atom
H21
H22
X
0.8545
0.8600
y
0.5801
0.9706
z
0.3905
0.0509
Bfao(Â")
4*
4*
(table con’d)
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HI 0.1236 -0.2305 -0.0973 3.2*
H2 0.2487 -0.4594 -0.1570 3.9*
H3A -0.0502 -0.4287 -0.3358 5.2*
H3B 0.1037 -0.4507 -0.3696 5.2*
H4 0.0569 -0.2499 -0.4459 3.8*
H6 0.3012 -0.0146 -0.2209 3.5*
H7 0.0262 -0.0400 -0.1688 3.2*
H8 0.1742 -0.0730 0.0348 3.5*
H9A 0.4535 -0.0950 0.1078 3.9*
H9B 0.4403 -0.0715 -0.0361 3.9*
HIO 0.4385 -0.2856 -0.0309 3.7*
H13A 0.0150 0.3162 -0.2259 5.3*
H13B -0.0552 0.1892 -0.3192 5.3*
H14A 0.4399 -0.3061 0.1804 5.7*
H14B 0.2552 -0.2890 0.1302 5.7*
H14C 0.3307 -0.4103 0.0904 5.7*
H15A 0.3421 -0.1901 -0.3704 4.9*
HI SB 0.4418 -0.2136 -0.2243 4.9*
H15C 0.3434 -0.3259 -0.3091 4.9*
HI 8  A -0.4238 0.0152 -0.3572 6.7*
H18B -0.3173 -0.0944 -0.2742 6.7*
H18C -0.2395 0.0188 -0.3245 6.7*
H19 -0.4698 -0.1511 -0.6473 6 .2 *
Starred atoms were refined isotropically.
Table 4-9 Bond Distances, angles, and torsion angles of 4. Id
0 1 C6 1.431(3) C5 C6 1.554(4)
0 2 C8 1.467(3) C5 CIS 1.531(4)
0 2 C12 1.335(3) C6 C l 1.538(4)
03 C12 1.210(4) C7 C8 1.556(3)
04 C4 1.453(3) C7 C ll 1.497(4)
04 C16 1.335(3) C8 C9 1.509(4)
05 C2 1.427(4) C9 CIO 1.540(4)
06 C16 1.211(4) CIO C14 1.515(4)
Cl C2 1.530(4) C ll C12 1.473(4)
Cl C5 1.539(4) C ll C13 1.329(4)
Cl CIO 1.530(3) C16 C17 1.486(4)
C2 C3 1.541(4) C17 CIS 1.485(5)
C3 C4 1.515(4) C17 C19 1.318(4)
C4 C5 1.531(3) C19 C20 1.507(6)
Cl HI 0.953(3) C13 H13B 0.944(3)
C2 H2 0.951(3) C14 H14A 0.950(3)
C3 H3A 0.949(3) C14 H14B 0.951(4) 
(table con’d)
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C3 H3B 0.955(4) C14 H14C 0.953(3)
C4 H4 0.953(3) C15 HI 5 A 0.949(3)
C6 H6 0.952(3) C15 H15B 0.953(2)
Cl H7 0.951(2) C15 H15C 0.956(3)
C8 H8 0.949(3) CIS HISA 0.953(4)
C9 H9A 0.947(2) CIS HI SB 0.953(4)
C9 H9B 0.955(3) CIS HISC 0.94S(4)
CIO HIO 0.953(3) C19 H19 0.952(4)
C13 H13A 0.954(3)
C8 0 2 C12 1 1 1 .8 (2 ) C6 C l C ll 113.S(2)
C4 04 C16 116.6(2) CS Cl C ll 102.S(2)
C2 Cl C5 104.8(2) 0 2 CS Cl 105.9(2)
C2 Cl CIO 115.9(2) 0 2 CS C9 106.6(2)
C5 Cl CIO 115.5(2) Cl CS C9 11S.7(2)
05 C2 Cl 1 1 2 .0 (2 ) CS C9 CIO 113.7(2)
05 C2 C3 1 1 0 .8 (2 ) Cl CIO C9 110.S(2)
Cl C2 C3 105.0(2) Cl CIO CM 112.S(2)
C2 C3 C4 107.0(2) C9 CIO CM 1 1 0 .6 (2 )
04 C4 C3 110.7(2) Cl C ll C12 10S.6(2)
04 C4 C5 109.3(2) Cl C ll C13 129.5(2)
C3 C4 C5 105.2(2) C12 C ll C13 121.S(3)
Cl C5 C4 101.7(2) 0 2 C12 03 120.7(2)
Cl C5 C6 114.4(2) 0 2 C12 C ll 1 1 0 .0 (2 )
Cl C5 C15 1 1 1 .8 (2 ) 03 C12 C ll 129.3(3)
C4 C5 C6 114.5(2) 04 C16 06 123.1(3)
C4 C5 C15 105.9(2) 04 C16 C17 113.4(2)
C6 C5 C15 108.2(2) 06 C16 C17 123.5(2)
0 1 C6 C5 107.6(2) C16 C17 CIS 11S.4(2)
0 1 C6 Cl 111.9(2) C16 C17 C19 117.1(3)
C5 C6 Cl 114.1(2) CIS C17 C19 124.4(3)
C6 C l C8 113.0(2) C17 C19 C20 12S.2(3)
C2 Cl HI 1 1 0 .2 (2 ) C9 CS HS 104.3(2)
C5 Cl HI 111.5(2) CS C9 H9A 10S.S(3)
CIO Cl HI 99.0(2) CS C9 H9B 10S.2(2)
05 C2 H2 105.8(2) CIO C9 H9A 10S.7(2)
Cl C2 H2 1 1 1 .0 (2 ) CIO C9 H9B 10S.1(3)
C3 C2 H2 112.3(3) H9A C9 H9B 109.3(3)
C2 C3 H3A 110.4(3) Cl CIO HIO 107.3(2)
C2 C3 H3B 110.1(3) C9 CIO HIO 10S.6(2)
C4 C3 H3A 110.3(3) CM CIO HIO 106.4(2)
C4 C3 H3B 109.9(3) C ll C13 H13A 119.5(3)
H3A C3 H3B 109.1(3) C ll C13 H13B 120.3(3)
04 C4 H4 107.5(2) H13A C13 H13B 120.2(3)
(table con’d)
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C3 C4 H4 111.2(3) CIO C14 R14A 110.0(3)
C5 C4 H4 112.9(3) CIO C14 R14B 109.6(3)
0 1 C6 H6 109.8(3) CIO C14 R14C 109.6(3)
C5 C6 H6 108.6(2) R14A C14 R14B 109.4(3)
C7 C6 H6 104.7(2) R14A C14 R14C 109.2(3)
C6 C7 H7 1 0 1 .8 (2 ) R14B C14 R14C 109.1(4)
C8 C7 H7 113.1(2) CS CIS RISA 110.2(3)
C ll C7 H7 1 1 2 .8 (2 ) CS CIS RISB 110.2(3)
0 2 C8 H8 116.6(3) CS CIS RISC 109.6(3)
C7 C8 H8 10S.3(2) RISA CIS RISB 109.3(3)
HI 5 A CIS RISC 109.0(3) R18A C18 R18B 108.9(4)
H15B CIS RISC 108.7(3) R18A C18 R18C 109.4(4)
C17 C18 R18A 109.S(3) R18B C18 R18C 109.3(3)
C17 C18 R18B 109.8(3) C17 C19 R19 116.S(3)
C17 C18 H18C 110.0(3) C20 C19 R19 11 S.4(3)
C12 0 2 C8 C7 9.1(3
C12 0 2 C8 C9 136.S (2
C8 0 2 C12 03 176.S (3
C8 0 2 C12 C ll -5.1 (3
C16 04 C4 C3 -89.9 (3
C16 04 C4 CS 1S4.7(2
C4 04 C16 06 9.7(4
C4 04 C16 C17 -169.2 (2
C5 Cl C2 OS -147.0(2
C5 Cl C2 C3 -26.7 (3
CIO Cl C2 OS 84.4 (3
CIO Cl C2 C3 -1SS.2 (2
C2 Cl CS C4 39.S (3
C2 Cl CS C6 163.6(2
C2 Cl CS CIS -73.1 (3
CIO Cl CS C4 168.3 (2
CIO Cl CS C6 -67.7 (3
CIO Cl CS CIS 55.7 (3
C2 Cl CIO C9 178.3 (2
C2 Cl CIO C14 -S7.0 (3
C5 Cl CIO C9 SS.2 (3
C5 Cl CIO C14 179.9 (2
05 C2 C3 C4 124.4 (3
Cl C2 C3 C4 3.3 (3
C2 C3 C4 04 -96.S (3
C2 C3 C4 CS 21.S(3
(table con’d)
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
50
04 C4 CS Cl 81.6(2)
04 C4 CS C6 -42.4(3)
04 C4 CS CIS -161.5(2)
C3 C4 CS Cl -37.4 (3)
C3 C4 CS C6 -161.4(2)
C3 C4 CS CIS 79.6 (3)
Cl CS C6 0 1 -147.3 (2)
Cl CS C6 C l -22.S (3)
C4 CS C6 0 1 -30.S (3)
C4 CS C6 C l 94.4 (3)
C15 CS C6 0 1 87.4 (3)
CIS CS C6 C l -147.8 (2)
0 1 C6 C7 C8 -169.1 (2)
0 1 C6 C7 C ll -S2.4 (3)
CS C6 C7 C8 68.4 (3)
CS C6 C7 C ll -174.9 (2)
C6 C7 C8 0 2 114.S (2)
C6 C7 C8 C9 -S.2 (3)
C ll C7 C8 0 2 -8 . 6  (3)
C ll C7 C8 C9 -128.3 (3)
C6 C7 C ll C12 -116.9(3)
C6 C7 C ll C13 64.8 (4)
C8 C7 C ll C12 S. 6  (3)
C8 C7 C ll C13 -172.7(3)
0 2 C8 C9 CIO 168.1 (2 )
C7 C8 C9 CIO -72.6 (3)
C8 C9 CIO Cl 38.1 (3)
C8 C9 CIO C14 -87.9 (3)
C7 C ll C12 0 2 -0.4 (3)
C7 Cll C12 03 177.3 (3)
C13 C ll C12 0 2 178.1 (3)
C13 C ll C12 03 -4.3 (5)
04 C16 C17 C18 -2.3 (4)
04 C16 C17 C19 174.9 (3)
06 C16 C17 C18 178.9 (3)
06 C16 C17 C19 -4.0 (S)
C16 C17 C19 C20 -178.9 (4)
C18 C17 C19 C20 -1.9(6)
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Table 4-10 Anisotropic Thermal Parameters - U's of 4.1d
Name U i i U 2 2 U 3 3 U12 U i 3 U 2 3
0 1 0.067(1) 0.037(1) 0.0328(9) -0.005(1) 0.0086(8) 0.0125(9)
0 2 0.057(1) 0.025(1) 0.042(1) -0.0012(9) -0.0009(9) -0.0009(9)
03 0.084(1) 0.026(1) 0.069(1) -0 .0 0 2 ( 1 ) -0.006(1) -0.007(1)
04 0.0339(8) 0.037(1) 0.0313(9) -0 .0 0 0 2 (8 ) 0.0048(7) -0.0039(8)
05 0.060(1) 0.033(1) 0.080(1) -0.0033(9) 0.0339(8) 0 .0 1 1 ( 1)
06 0.063(1) 0.069(1) 0.048(1) 0.023(1) -0.0014(9) -0.031(1)
Cl 0.034(1) 0.023(1) 0.033(1) 0 .0 0 1 (1 ) 0.0091(9) 0 .0 0 0 ( 1)
C2 0.038(1) 0.027(1) 0.050(1) 0 .0 0 2 ( 1) 0.014(1) 0.006(1)
C3 0.054(2) 0.030(1) 0.056(2) -0 .0 0 1 (1 ) 0.005(1) -0.005(1)
C4 0.043(1) 0.033(2) 0.034(1) 0 .0 0 2 ( 1 ) 0.0103(9) -0 .0 0 1 ( 1 )
C5 0.036(1) 0.031(1) 0.034(1) 0 .0 0 1 ( 1) 0 .0 1 2 ( 1 ) 0 .0 0 2 ( 1)
C6 0.037(1) 0.031(2) 0.034(1) -0.004(1) 0.008(1) 0.007(1)
C7 0.032(1) 0.025(1) 0.033(1) -0.004(1) 0.0068(9) 0 .0 0 2 ( 1)
C8 0.037(1) 0.024(1) 0.032(1) -0.006(1) 0.003(1) 0 .0 0 0 ( 1)
C9 0.038(1) 0.039(2) 0.030(1) -0 .0 0 2 (1) 0 .0 0 2 ( 1 ) 0.005(1)
CIO 0.036(1) 0.028(1) 0.038(1) 0 .0 0 2 ( 1) 0.007(1) 0.005(1)
C ll 0.039(1) 0.029(1) 0.040(1) -0 .0 0 2 ( 1 ) 0.005(1) 0.003(1)
C12 0.045(2) 0.035(2) 0.052(2) -0 .0 0 2 ( 1) 0.008(1) -0 .0 0 1 ( 1 )
C13 0.060(2) 0.035(2) 0.055(2) 0.006(2) 0.008(1) 0.006(2)
C14 0.073(2) 0.044(2) 0.042(2) 0 .0 0 2 (2 ) 0 .0 1 0 ( 1 ) 0 .0 1 0 ( 1)
C15 0.049(1) 0.054(2) 0.045(1) -0.004(1) 0 .0 2 0 (1 ) 0.004(1)
C16 0.046(1) 0.033(2) 0.034(1) 0 .0 0 1 (1) 0.004(1) -0.004(1)
C17 0.038(1) 0.038(2) 0.036(1) 0 .0 0 2 ( 1) 0.009(1) -0.006(1)
CIS 0.050(2) 0.086(2) 0.063(2) 0.007(2) 0.018(1) -0.032(2)
C19 0.061(2) 0.071(2) 0.045(2) 0 .0 2 2 (2 ) 0.008(1) -0.008(2)
C20 0.070(2) 0.118(3) 0.073(2) 0.052(2) 0.013(2) 0 .0 1 2 (2 )
The form of the anisotropic displacement factor is: 
exp [-2k^  { h^a*^Uii + k^b*^U2 2  + l^c*^Ü3 3  + 
klb*c*Ü23 )}]
2 ( hka*b*U% 2 + hla*c*Ui3  +
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4.2 The structure of 4-(3-fomiyN2,4-dihydroxy-6-niethyl-benzoyIoxy)-2-
hydroxy-3,6-dimethyI-benzoate. - The Linchen Natural Product-Atranorin
Atranorin(4.2a), fiimarprotocetraric acid (C%gOgHig), isolated from Cladonia
prostrata Evans, is known as a para-depside which was first characterized in 1926. The 
lichen was collected from Lake Wales, Florida and studied for its possible role of 
allelopaths in the Florida scrub.
9 ll 1
CHs
CHg
4.2a
O
"OH
The title compound crystallized as a monoclinic crystal with space group P2i/n
and the structure was refined to R=0.044. A polymorph of the title compound had been 
reported previously, which has the orthorhombic form and space group Pbca. There are 
two intramolecular van der Waals contacts which appear between the carbonyl groups 
and the hydroxyl groups of the orthorhombic from. The hydrogen bond contact distances 
and angles in the orthorhombic from are 1.66(7) A, 153(5)° and 1.64(7) Â, 158(5)° for 
O(20)-H(43)—-O(21) and 0(27)-H(45) -0(26), respectively. The van der Waals 
contact distances 0(27)-H(4S) -0(26) is 1.97(7) Â and the angle is 118(5)°, which is 
considered longer than the reasonable hydrogen bonding contact. The hydrogen atom is 
slightly out of the best plane generated by 0(24), C(11), C(12), C(13), and 0(25). The
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deviations are: H(44) (0.28Â), 0(24) (0.02Â), C(11)(0.03Â), C(12) (0.02Â), C(13) 
(0 . 0 1  A), and 0(25) (0 .0 0 2 Â).
Unlike the orthorhombic form, the monoclinic form presents three intramolecular 
hydrogen bond contacts between the carbonyl groups and the hydroxyl groups. The 
distances and angles are 1 .6 8 (2 ) A 154(2)°, 1.61(3) A 154(2)°, and 1.65(2) A 153(3)° 
for the O(20)-H(43)--O(21), 0(27)-H(45)--0(26), and 0(25)-H(44) "0(24),
respectively. The deviations from the best plane generated by the 0(24), C(11), C(12), 
C(13), and 0(25) are: H(44) (0.07A), 0(24) (0 .0 2 A), C(1 1 )(0 .0 2 A), C(1 2 ) (0 . 0 1  A), 
C(13) (0.003A), and 0(25) (O.OlA). The dihedral angles between the two phenyl planes 
are 84° and 64° for the orthorhombic and monoclinic forms, respectively. A plausible 
explanation for the difference in dihedral angles is that the crystal packing systems are 
different. The molecualre structure of 4.2a is given in figure 4.3. Procedures for 
intensity data collection and reduction are as noted in chapter 3.1; the experimental 
details is listed in table 4.11. Atomic coordinates, geometric parameters are listed from 
tables 4.12 to 4.14.
,081 01221
091
,C(7)
0(251cat ,C(3)0(211 04)
CI18)J
.0131
Oil
0(231 012)
05)0201 06)
cnoi
0(510171
0161 027)
Figure 4-3 Molecular structure of Atranorin (4.2a) with displacement ellipsoids 
drawn at the 40% probability level. Dashed lines indicate the hydrogen 
bondings.
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CRYSTAL DATA
Chemical formula 
C1 9 O8 H 1 8  
Mr
374.351
a(Â)
10.9217
6 (A)
11.2573
c(Â)
14.8752
Z
4
V(A3)
1722.9
Radition
CuKa
Wavelength (A)
1.54184
Absorption coeflBcient (mm‘ 1) 
0.9182
Crystal source
Crystal colour 
Colorless 
Crystal size (mm)
0.5 X 0.2 X 0.3 
DATA COLLECTION
Crystal system 
Monoclinic
Space group 
P21/n
a ( 0 )
P(9)
109
y(0)
Dm (Mg m-3)
Dx (Mg m-3)
1.443
No. of reflections for 
lattice parameters 25
9 range for lattice parameters (°) 
2° < 0 < 75°
Temperature
293°K
Crystal description 
Irregular fragment
Diffractometer type
Enraf-Nonius CAD4
Absorption correction type (circle
appropriate description)
analytical integration empirical refdelf
sphere cylinder none
No. of reflections measured
4672
No. of independent reflections 
3461
Collection method 
© - 20 Scans
Absorption correction (Tmin,, Tmax) 
Tmin ~ 92.0820%
Tmax= 99.9085%
Rint
0.037
^ a x
(table con’d)
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No. o f observed reflections 
3015
Criterion for observed 
2
hmin
0
kmin
0
Imin
-18
REFINEMENT
No. of standard reflections (and interval) 
3, 10000 sec.
Variation of standards 
3
f^max
13
kmax
14
Imax
17
Treatment of hydrogen atoms (circle p  p2
appropriate entry, or describe in box below)
or I
R
0.044
wR
0.068
3.595
(A / cy)niax 
0.01
Extinction correction method (if applied) 
( 1 +gIc)'^ applied to
Primary- and secondary- extinction values 
g = 2.455x10'^
No. of parameters refined
No. of reflections used in refinement
Weighing scheme
w = 4 Fo [ a2 ( I ) + ( 0.02 Fq2 ) 2 j-1
( Ap )min (eA'^)
0
( Ap )max (eA'3)
0.195
Source of atomic scattering factors 
International Tables, Vol. IV, Tables 
2.2B, 2.3.1 (1974) _______________
Table 4-1 2 Fractional atomic coordinates of 4.2a
Atoms X y z Bcq(A2 )
0 2 0 -0 .2 1 1 1 ( 1 ) 0.0701(1) 0.03860(7) 4.79(3)
0 2 1 -0.4393(1) 0.1505(1) 0.00861(8) 5.71(3)
0 2 2 -0.4903(1) 0.2274(1) 0.12845(8) 5.36(3)
023 0.11672(9) 0.1545(1) 0.33055(7) 4.16(2)
024 0.0616(1) 0.0465(1) 0.43626(8) 5.24(3)
025 0.2256(1) 0.0023(1) 0.59976(7) 4.64(2)
026 0.5804(1) 0.0191(1) 0.79069(9) 5.91(3)
027 0.6589(1) 0.1260(1) 0.66743(9) 5.41(3)
(table con’d)
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Cl -0.1784(1) 0 .1 2 2 2 ( 1 ) 0.1254(1) 3.45(3)
0 2 -0.2694(1) 0.1850(1) 0.15596(9) 3.30(3)
03 -0.2269(1) 0.2418(1) 0.2461(1) 3.57(3)
04 -0.09860) 0.2284(2) 0.3026(1) 3.78(3)
05 -0.0148(1) 0.1612(1) 0.2719(1) 3.50(3)
06 -0.0486(1) 0.1083(1) 0.1837(1) 3.57(3)
07 -0.4057(1) 0.1864(1) 0.0904(1) 3.93(3)
08 -0.6259(2) 0.2281(2) 0.0679(2) 6.33(5)
09 -0.3118(2) 0.3183(2) 0.2840(1) 5.27(4)
OlO 0.0463(2) 0.0402(2) 0.1507(1) 5.42(4)
O il 0.1453(1) 0.0992(1) 0.4151(1) 3.52(3)
0 1 2 0.2812(1) 0.1076(1) 0.4769(1) 3.16(3)
013 0.3127(1) 0.0574(1) 0.5690(1) 3.31(3)
014 0.4400(1) 0.0636(1) 0.6352(1) 3.59(3)
015 0.5356(1) 0.1185(1) 0.6072(1) 3.78(3)
016 0.5063(1) 0.1670(1) 0.5166(1) 3.91(3)
017 0.3824(1) 0.1636(1) 0.4520(1) 3.40(3)
018 0.4705(2) 0.0162(2) 0.7305(1) 4.68(4)
019 0.3614(1) 0 .2 2 0 1 (2 ) 0.3565(1) 4.88(4)
H28 -0.059(2) 0.272(2) 0.367(1) 5.8(4)*
H29 -0.636(2) 0.279(2) 0 .0 1 1 ( 1 ) 7.6(5)*
H30 -0.656(2) 0.151(2) 0.044(1) 9.2(6)*
H31 -0.672(2) 0.263(2) 0.107(2) 9.0(6)*
H32 -0.380(2) 0.267(2) 0.302(1) 7.0(5)*
H33 -0.352(2) 0.385(2) 0.244(1) 8.9(6)*
H34 -0.253(2) 0.358(2) 0.342(1) 7.7(5)*
H35 0.008(2) -0.026(2) 0.115(2) 10.2(7)
H36 0 . 1 1 0 (2 ) -0 .0 0 1 (2 ) 0.206(2) 11.3(8)
H37 0.076(2) 0.083(3) 0.106(2) 14(1)*
H38 0.572(1) 0.204(1) 0.496(1) 4.5(4)*
H39 0.399(2) -0.014(2) 0.746(1) 6.4(5)*
H40 0.302(2) 0.294(2) 0.352(1) 5.9(4)*
H41 0.441(2) 0.249(2) 0.349(1) 8 . 1 (6 )*
H42 0.319(2) 0.167(2) 0.303(1) 7.0(5)*
H43 -0.298(2) 0.091(2) 0 .0 1 0 ( 1 ) 7.0(5)*
H44 0.146(2) 0.016(2) 0.549(2) 9.8(7)*
H45 0.654(2) 0.087(2) 0.729(2) 10.7(7)
Beq = ( 8  7c2  / 3  ) ZjIjUijai*aj*ai •  aj 
Starred atoms are refined isotropically.
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Table 4-13 Anisotropic displacement parameters of 4.2a
Atoms Ua Ü 22 U 3 3 U 1 2 U l 3 U 2 3
0 2 0 0.0581(6) 0.0670(7) 0.0489(5) 0.0056(5) 0.0073(5) -0.0146(5)
0 2 1 0.0558(6) 0.1001(9) 0.0469(6) 0.0102(7) -0.0015(5) -0.0049(6)
0 2 2 0.0378(5) 0.0992(9) 0.0605(6) 0.0078(6) 0.0083(4) -0.0034(7)
023 0.0339(4) 0.0749(7) 0.0462(5) -0.0032(5) 0.0093(4) 0.0146(5)
024 0.0375(4) 0.0888(7) 0.0654(6) -0.0144(5) 0.0076(4) 0.0302(5)
025 0.0436(5) 0.0757(7) 0.0533(5) -0.0083(5) 0.0115(4) 0.0196(5)
026 0.0621(7) 0.0888(9) 0.0557(7) 0.0076(7) -0.0040(6) 0.0089(7)
027 0.0370(5) 0.0899(8) 0.0650(7) -0.0056(6) -0.0010(5) -0.0050(7)
Cl 0.0479(6) 0.0399(7) 0.0405(6) -0.0006(6) 0.0110(5) 0.0028(5)
C2 0.0382(6) 0.0429(7) 0.0417(6) 0.0008(5) 0.0098(5) 0.0066(5)
C3 0.0419(6) 0.0526(8) 0.0412(6) -0 .0 0 0 1 (6 ) 0.0142(5) 0.0031(6)
C4 0.0437(6) 0.0595(8) 0.0392(6) -0.0047(6) 0.0121(5) -0 .0 0 0 1 (6 )
CS 0.0344(5) 0.0525(7) 0.0434(6) -0.0039(6) 0.0097(5) 0 .0 1 0 2 (6 )
C6 0.0434(6) 0.0427(7) 0.0492(7) 0 .0 0 2 1 (6 ) 0.0153(5) 0.0056(6)
C7 0.0449(7) 0.0526(8) 0.0470(7) 0.0033(6) 0.0090(6) 0.0096(6)
C8 0.0392(8) 0.113(2) 0.076(1) 0 .0 1 2 ( 1 ) 0.0030(8) 0.007(1)
C9 0.0573(8) 0.086(1) 0.0583(8) 0.0052(8) 0 .0 2 1 0 (6 ) -0.0144(8)
CIO 0.0609(8) 0.070(1) 0.075(1) 0.0206(7) 0.0233(7) -0.0034(9)
C ll 0.0363(6) 0.0497(7) 0.0460(6) -0.0025(6) 0.0114(5) 0.0065(6)
C12 0.0341(5) 0.0396(6) 0.0461(6) 0.0006(5) 0.0132(4) 0.0012(5)
C13 0.0370(6) 0.0415(6) 0.0457(6) 0.0000(5) 0.0116(5) 0.0013(5)
C14 0.0415(6) 0.0448(7) 0.0457(7) 0.0046(6) 0.0090(5) -0.0014(6)
CIS 0.0332(6) 0.0513(8) 0.0532(7) -0 .0 0 0 1 (6 ) 0.0064(5) -0.0092(6)
C16 0.0367(5) 0.0531(8) 0.0600(8) -0.0045(6) 0.0177(5) -0.0028(7)
C17 0.0372(5) 0.0436(7) 0.0492(6) -0.0007(5) 0.0155(5) -0.0007(6)
CIS 0.0549(8) 0.0628(9) 0.0521(8) 0.0062(8) 0.0073(7) 0.0078(8)
C19 0.0424(6) 0.083(1) 0.0618(8) -0.0097(7) 0.0196(5) 0.0191(8)
The form of the anisotropic displacement factor is;
exp [-271^  { h^a*^Uii + k^b*^U2 2  + l^c*^U3 3  + 2 ( hka*b*U% 2 + hla*c*Ui3  + 
klb*c*U23 )}]
Table 4-14 Bond distances(Â) and bond angles(°) of 4.2a
0 2 0 Cl 1.353(2) C6 CIO 1.498(3)
0 2 0 H43 0.93(2) C8 H29 0.99(2)
0 2 1 C7 1.216(2) C8 H30 0.95(2)
0 2 2 C7 1.319(2) C8 H31 0.97(3)
0 2 2 C8 1.453(2) C9 H32 1.05(2)
023 C5 1.410(1) C9 H33 0.97(2)
023 C ll 1.342(2) C9 H34 0.99(2)
(table con’d)
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C13 C12 C17 118.1(1) C16 C17 C19 116.9(1)
025 C13 C12 123.2(1) 026 CIS CM 123.4(2)
025 C13 C14 115.5(1) 026 CIS H39 1 2 1 .(1 )
C12 C13 C14 121.3(1) C14 CIS H39 115.(1)
C13 C14 C15 118.4(1) C17 C19 H40 107(1)
C13 C14 CIS 1 2 1 .1 ( 1 ) C17 C19 H41 113.(1)
C15 C14 CIS 120.5(1) C17 C19 H42 113.(1)
027 C15 C14 1 2 0 .8 ( 1) H40 C19 H41 107.(2)
027 C15 C16 118.4(1) H40 C19 H42 109.(1)
C14 C15 C16 1 2 0 .8 ( 1 ) H41 C19 H42 108.(2)
4.3 The structure of Limonidilactone-a labdane Diterpene.
The structure of limonidilactone (C20H26O4) has been previously reported, the 
systematic name is: (2R”, 6 aR”, 10a/?”, lGb5”)-7,7,10a-trimethyl-2(5’-oxo-2’,5’- 
dihydrofiiran-3 ’-yi)-l,2,6,6a,7,8,9,10, lOa, 10b-decahydro-4/f-naphtho[2, l-c]pyran-4-one 
(4 .3af.
4.3a
Our experiment resultal is comparable to the reported structure. Figure 4.4 shows the 
molecular structure of 4.3a Tables of experimental details, atomic coordinates, bond 
distances, bond angles, torsion angles, and anisotropic displacement parameters are listed 
in tables 4.15 to 4.18.
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T able 4-15 Experimental details of limonidilactone (4.3a). 
CRYSTAL DATA
Chemical formula 
C2 0 O4 H2 6  
Mr 
330.43 
a{k)
8.2131(3)
6(A)
10.8804(6)
c(A)
19.363(1)
Z
4
V ( A 3)
1730.3(3)
Radition
MoKa
Wavelength (A)
0.71073
Absorption coefiBcient (mm"l) 
0.081
Crystal source
Crystal colour 
Colorless 
Crystal size (mm)
0.5 X 0.5 X 0.3 
DATA COLLECTION
Crystal system 
Orthorhombic
Space group
P2,2i2i
a ( 0 )
90
90
y(°)
90
Dm (Mg m-3)
Dx (Mg m-3)
1.27
No. of reflections for 
lattice parameters 25
9 range for lattice parameters (°) 
7 ° < 0 <  15°
Temperature
297°K
Crystal description 
Lath
Diffractometer type
Enraf-Nonius CAD4
Absorption correction type (circle
appropriate description)
analytical integration empirical refdelf
sphere cylinder none
No. of reflections measured
2304
No. of independent reflections 
2279
Collection method 
0 - 2 9  Scans
Absorption correction (Tmin,, Tmax) 
Tmin = 0 
Tmax= 0
Rini
Omax
27.46
(table con'd)
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No. of observed reflections 
1873
Criterion for observed 
3
hmin
0
kmin
0
imin
0
REFINEMENT
No. of standard reflections (and interval) 
3, 10000 sec.
Variation of standards 
3
hmax
10
kmax
14
Imax.
25
Treatment of hydrogen atoms (circle 
appropriate entry, or describe in box below)
R
0.036 
wR 
0.043
2.465
(A / a)max 
0.01
Extinction correction method (if applied)
(1 +gIq)-^ applied to
Primary- and secondary- extinction values
g = 5.6x10-7
2.2B, 2.3.1 (1974)
Program used include the Enraf-Nonius SDP (Frenz 1978), ORTEP (Johnson, 1965), 
and MULTAN (Main, Hull, Lessinger, Germain, Declercq, & Woolfson, 1978).
F, or I
No. of parameters refined 
316
No. of reflections used in refinement 
1873
Weighing scheme
w = 4 F o [ a 2 ( I )  + (0.02 F()2)2]- l
( Ap )min (eA"^)
-0.0667
( Ap )max (eA'3)
0.1698
Source of atomic scattering factors 
International Tables, Vol. IV, Tables
Table 4-16 Atomic coordinates of 4.3a
X y z Bcq(A
0 1 0.5170(3) 0.9655(2) 0.24478(9) 7.10(4)
0 2 0.6664(2) 0.8064(2) 0.21127(7) 5.62(4)
03 0.0018(2) 0.6214(2) 0.03468(8) 5.24(3)
04 0.2308(2) 0.6428(1) 0.09078(7) 4.65(3)
Cl 0.6562(2) 0.3897(2) -0.0556(1) 4.03(4)
C2 0.7302(2) 0.3173(2) -0.1143(1) 4.66(5)
(table con’d)
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C3 0.6242(3) 0.2093(2) -0.1345(1) 4.47(4)
C4 0.4501(3) 0.2454(2) -0.15521(9) 3.92(4)
C5 0.3775(2) 0.3271(2) -0.09681(9) 3.36(4)
C6 0.2030(3) 0.3694(2) -0 .1 1 1 2 ( 1 ) 4.80(5)
C l 0.1383(2) 0.4578(2) -0.0602(1) 4.19(4)
C8 0.2261(2) 0.5063(2) -0.00992(9) 3.34(4)
C9 0.4048(2) 0.4767(2) -0.00135(8) 3.10(3)
CIO 0.4833(2) 0.4359(2) -0.07011(9) 3.06(3)
O il 0.4875(2) 0.5828(2) 0.03607(9) 3.58(4)
C12 0.3979(2) 0.6063(2) 0.1035(1) 3.65(4)
C13 0.4729(2) 0.7058(2) 0.14593(9) 3.70(4)
C14 0.4066(3) 0.8063(2) 0.1706(1) 4.80(5)
C15 0.5270(3) 0.8718(2) 0.2124(1) 4.76(5)
C16 0.6458(3) 0.6976(2) 0.1694(1) 5.26(5)
C17 0.1431(3) 0.5923(2) 0.0386(1) 3.97(4)
CIS 0.3510(3) 0.1272(2) -0.1607(1) 5.54(5)
C19 0.4520(3) 0.3061(2) -0.2268(1) 5.11(5)
C20 0.4891(3) 0.5454(2) -0 .1 2 0 2 ( 1 ) 4.38(4)
Hla 0.728(2) 0.456(2) -0.0461(8) 4.6(4)*
Hlb 0.654(2) 0.336(2) -0.0185(8) 3.9(4)*
H2a 0.746(2) 0.364(2) -0.1507(8) 3.8(4)*
H2b 0.842(2) 0.287(2) -0.1004(9) 4.0(4)*
H3a 0.616(2) 0.163(2) -0 .1 0 1 ( 1 ) 5.8
H3b 0.676(2) 0.156(2) -0.174(1) 5.8
H5 0.368(2) 0.278(2) -0.0578(8) 3.9(4)*
H6 b 0.202(3) 0.412(2) -0.1489(9) 7.0(6)*
H6 a 0.131(3) 0.302(2) -0.114(1) 6.1(5)*
H7 0.037(2) 0.480(2) -0.0621(8) 3.9(4)*
H9 0.416(2) 0.407(1) 0.0279(8) 3.0(4)*
Hl l a 0.599(2) 0.563(2) 0.0413(9) 4.9(5)*
HI lb 0.480(2) 0.657(2) 0.0075(8) 4.6(5)*
H12 0.404(2) 0.527(2) 0.1355(7) 3.4(4)*
H14 0.294(3) 0.834(2) 0.162(1) 6 . 2
H16a 0.722(3) 0.706(2) 0.1316(9) 5.7(5)*
H16b 0.673(2) 0.619(2) 0.1947(9) 5.9(5)*
HI 8 b 0.231(3) 0.141(2) -0.176(1) 7.1
H18c 0.404(3) 0.062(2) -0.190(1) 7.1
H18a 0.348(3) 0.095(2) -0.1248(9) 7.1
H19a 0.473(3) 0.249(2) -0.260(1) 7.1(6)*
H19b 0.532(3) 0.377(2) -0.233(1) 7.4(6)*
H19c 0.340(3) 0.333(2) -0.243(1) 7.0(6)*
H20b 0.548(2) 0.611(2) -0.0912(9) 6.0(5)*
H20c 0.546(2) 0.524(2) -0.1571(9) 5.6(5)*
H20a 0.382(3) 0.587(2) -0 .1 2 0 ( 1 ) 7.7(6)*
Starred atoms were refined isotropically
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Table 4-17 Anisotropic displacement parameters of 4.3a
Name U ll U2 2 U3 3 U 1 2 Ul3 U2 3
0 1 0.095(1) 0.085(1) 0.0901(9) -0 .0 2 0 ( 1 ) 0.015(1) -0.0401(9)
0 2 0.0653(9) 0.078(1) 0.0705(9) -0.0139(9) -0.0114(8) -0.0148(9)
03 0.0392(7) 0.0684(9) 0.0916(9) 0.0094(8) -0 .0 0 1 1 (8 ) -0.0085(9)
04 0.0426(7) 0.0650(8) 0.0690(8) 0.0010(7) 0.0035(7) -0.0147(8)
Cl 0.0352(9) 0.059(1) 0.059(1) 0 .0 0 1 ( 1 ) -0.0057(9) -0.005(1)
C2 0.038(1) 0.073(1) 0.066(1) 0.006(1) 0.004(1) 0 .0 0 0 (1 )
C3 0.057(1) 0.055(1) 0.058(1) 0.009(1) 0.005(1) 0 .0 0 2 ( 1 )
C4 0.051(1) 0.051(1) 0.047(1) -0.003(1) 0.0010(9) -0.0020(9)
C5 0.0357(9) 0.047(1) 0.0449(9) -0.0045(9) -0.0008(8) 0.0054(9)
C6 0.039(1) 0.078(1) 0.065(1) -0 .0 0 1 ( 1 ) -0 .0 1 0 ( 1 ) -0 .0 1 0 ( 1 )
C7 0.0306(9) 0.067(1) 0.061(1) 0.003(1) -0.0035(9) -0 .0 0 0 ( 1)
C8 0.0354(9) 0.0431(9) 0.0484(9) -0 .0 0 1 2 (8 ) 0 .0 0 0 1 (8 ) 0.0035(9)
C9 0.0341(9) 0.0390(9) 0.0447(9) -0.0019(8) -0.0035(8) 0.0068(8)
CIO 0.0313(8) 0.0436(9) 0.0415(8) -0.0024(8) -0.0028(8) 0.0042(8)
C ll 0.0343(9) 0.051(1) 0.0502(9) -0.0042(9) -0.0013(9) 0.0009(9)
C12 0.043(1) 0.047(1) 0.049(1) -0.0016(9) -0.0017(9) -0.0012(9)
C13 0.048(1) 0.050(1) 0.0425(9) -0.006(1) 0.0024(9) 0.0018(9)
C14 0.053(1) 0.065(1) 0.065(1) -0.003(1) 0 .0 0 1 (1 ) -0 .0 1 0 ( 1 )
CIS 0.063(1) 0.066(1) 0.052(1) -0.013(1) 0.013(1) -0.006(1)
C16 0.059(1) 0.064(1) 0.077(1) -0.005(1) -0.014(1) -0 .0 1 0 ( 1 )
C17 0.041(1) 0.046(1) 0.064(1) -0 .0 0 1 ( 1 ) 0 .0 0 1 (1 ) 0.004(1)
CIS 0.074(1) 0.062(1) 0.074(1) -0.013(1) 0 .0 0 2 (1 ) -0.015(1)
C19 0.070(1) 0.078(1) 0.046(1) -0 .0 0 0 ( 1 ) 0 .0 0 0 (1 ) -0.004(1)
C20 0.062(1) 0.051(1) 0.053(1) -0.004(1) 0.009(1) 0 .0 1 0 ( 1)
Table 4-18 Bond distances, angles and torsion angles of 4.3a
0 1 CIS 1.200(3) C5 CIO 1.557(3)
0 2 CIS 1.348(3) C6 C7 1.477(3)
0 2 C16 1.444(3) C7 C8 1.322(3)
03 C17 1.205(2) C8 C9 1.512(3)
04 C12 1.450(2) C8 C17 1.490(3)
04 C17 1.358(2) C9 CIO 1.544(2)
Cl C2 1.511(3) C9 C ll 1.523(3)
Cl CIO 1.533(3) CIO C20 1.536(3)
C2 C3 1.514(3) C ll C12 1.520(3)
C3 C4 1.536(3) C12 C13 1.492(3)
C4 C5 1.557(3) C13 CM 1.312(3)
C4 CIS 1.526(3) C13 C16 1.493(3)
C4 C19 1.534(3) CM CIS 1.463(3)
C5 C6 1.530(3)
(table con’d)
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CIS 02 C16 110.0(2) Cl CIO CS 109.2(1)
C12 04 C17 121.2(2) Cl CIO C9 108.8(1)
C2 Cl CIO 113.9(2) Cl CIO C20 110.0(2)
Cl C2 C3 111.6(2) c s CIO C9 lOS.S(l)
C2 C3 C4 113.9(2) c s CIO C20 113.4(1)
C3 C4 CS 108.2(2) C9 CIO C20 109.5(1)
C3 C4 CIS 107.4(2) C9 Cll C12 108.7(2)
C3 C4 C19 109.7(2) 04 C12 C ll 111.0(1)
C5 C4 CIS 109.1(2) 04 C12 C13 106.6(2)
C5 C4 C19 114.S(2) C ll C12 C13 113.3(2)
CIS C4 C19 107.7(2) C12 C13 C14 129.3(2)
C4 c s C6 113.S(2) C12 C13 C16 121.2(2)
C4 C5 CIO 117.S(1) C14 C13 C16 109.5(2)
C6 CS CIO 110.8(2) C13 C14 CIS 109.1(2)
C5 C6 C7 114.3(2) 01 CIS 02 121.0(2)
C6 C7 CS 123.8(2) 01 CIS C14 131.0(2)
C7 CS C9 121.7(2) 02 CIS C14 107.9(2)
C7 c s C17 117.7(2) 02 C16 C13 103.5(2)
C9 c s C17 120.6(2) 03 C17 04 116.8(2)
C8 C9 CIO 111.8(1) 03 C17 CS 124.5(2)
C8 C9 C ll 108.9(1) 04 C17 CS 118.7(2)
CIO C9 C ll 116.2(1)
C16 02 CIS 01 179.4 (2)
C16 02 CIS C14 0.3 (2)
CIS 02 C16 C13 -0.6 (2)
C17 04 C12 Cll 37.2 (2)
C17 04 C12 C13 160.9 (2)
C12 04 C17 03 174.9 (2)
C12 04 C17 CS -5.S (3)
CIO Cl C2 C3 -S6.1 (2)
C2 Cl CIO CS 50.0 (2)
C2 Cl CIO C9 164.9 (2)
C2 Cl CIO C20 -7S.0 (2)
Cl C2 C3 C4 S7.3 (3)
C2 C3 C4 CS -51.9 (2)
C2 C3 C4 CIS -169.6 (2)
C2 C3 C4 C19 73.7 (2)
C3 C4 CS C6 -179.9 (2)
C3 C4 cs CIO 48.7 (2)
CIS C4 cs C6 -63.3 (2)
CIS C4 cs CIO 16S.3 (2)
C19 C4 cs C6 S7.S (2)
C19 C4 cs CIO -73.9 (2)
C4 CS C6 C7 -173.6 (2)
(table con’d)
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CIO CS C6 Cl -39.0 (2 )
C4 CS CIO Cl -48.0 (2 )
C4 CS CIO C9 -16S.0 (2)
C4 CS CIO C20 7S.0 (2 )
C6 CS CIO Cl 179.4 (2 )
C6 CS CIO C9 62.4 (2 )
C6 CS CIO C20 -S7.6 (2 )
C5 C6 Cl C8 6 . 0 (3)
C6 C l C8 C9 l.S (3)
C6 Cl C8 C17 -178.7 (2)
C7 C8 C9 CIO 24.6 (3)
C7 C8 C9 C ll 1S4.4 (2 )
C17 C8 C9 CIO -1SS.2 (2)
C17 C8 C9 C ll -2S.4 (2 )
C l C8 C17 03 -0.7 (3)
C l C8 C17 04 179.8 (2 )
C9 C8 C17 03 179.2 (2 )
C9 C8 C17 04 -0.4 (3)
C8 C9 CIO Cl -171.8 (2)
C8 C9 CIO c s -S4.6 (2 )
C8 C9 CIO C20 6 8 . 0 (2 )
C ll C9 CIO Cl 62.3 (2 )
C ll C9 CIO c s 179.S (2 )
C ll C9 CIO C20 -S7.9 (2 )
C8 C9 C ll C12 S4.9 (2 )
CIO C9 C ll C12 -177.7 (2)
C9 C ll C12 04 -62.4 (2 )
C9 C ll C12 C13 177.7 (2 )
04 C12 C13 C14 2 . 2 (3)
04 C12 C13 C16 179.3 (2 )
C ll C12 C13 C14 124.6 (2 )
C ll C12 C13 C16 -S8.3 (3)
C12 C13 C14 CIS 176.8 (2 )
C16 C13 C14 CIS -0 . 6 (3)
C12 C13 C16 0 2 -176.9 (2)
C14 C13 C16 0 2 0.7 (2 )
C13 C14 CIS 0 1 -178.8 (2)
C13 C14 CIS 0 2 0 . 2 (2 )
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Figure 4-4 Representation of the numbering scheme of limonidilactone (4.3a) with 
displacement ellipsoids drawn at the 40% probability level. H atoms are 
drawn with arbitrary radii.
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CHAPTER 5
STRUCTURES OF SYNTHETIC ORGANIC COMPOUNDS
5.1 The structure of Tribenzo[a,k,f]triindene,5,I0,lS-tris(dichloroniethylene)- 
10,15-dihydro.
The crystal structure of the title compound(5.1a) is reported here. Hydrogen 
atoms were assigned to calculated positions and not refined; the maximum residual is 
near a chlorine atom. The six chlorine atoms are twisted in a propeller arrangement 
(figure 5.1, 5.2). The experiment details are listed in table 5.1, atomic coordinates, 
geometric parameters, and anisotropic displacment parameters are listed in tables 5.2 to 
5.4.
5.1a
CII4I CK2)
115) CK1)
CII3I CK6)
Figure 5-1 Picture of tribenzo[a,k,f]triindene,5,10,15-tris(dichloromethylene)-10,15- 
dihydro (5.1a) showing the propeller arrangement of the phenyl rings.
67
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CL5
Figure 5-2 Molecular structure of 5.1a with displacement ellipsoids drawn at the 
40% probability level. H atoms are drawn with arbitrary radii.
Table 5-1 Experimental details of tribenzo[a,k,f]triindene,5,10,15- 
tris(dichloromethylene)-10,15-dihydro(5.1a).
CRYSTAL DATA;
Empirical formula: C 3 0  H n  Cie 
Formula weight: 585.15 
Crystal system: Monoclinic 
Space group: P2i/n
Unit cell dimensions: a = 12.4604(8) Â
b=  11.8971(8) Â 
c=  16.819(1) Â 
alpha = 90 deg. 
beta= 106.4(3) deg. 
gamma = 90 deg.
(table con’d)
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Volume, Z: 2392(4) 4.
Density (calculated); 1.62 Mg/m^
Crystal color: brown-orange 
Crystal shape: irregular 
Absorption coeflScient: 6.874 mm'^
F(000): 1176
Crystal size: 0.50 x 0.25 x 0.25 mm
Temperature: 296 K
Radiation: Cu-Ka
Wavelength: 1.54184 Â
Theta range for lattice parameters: 7 - 2 9  deg.
No. of reflections for lattice parameters 25 
DATA COLLECTION:
Theta max.: 74.91 deg.
No. of standard reflections: 3
Limiting indices: h: 0 - 15, k: 0 - 14,1: -21 - 20
Reflections collected: 5402
Independent reflections: 4929 [R(int) = 0.035]
Observed reflections: 4133
Criterion for observed: I>3 Oo(I)
Max. and min. transmission: 0.9955 and 0.4805 
Intensity decay: -0.02 
REFINEMENT:
Refinement method: F
No. of reflections used in refinement: 4133
No. of parameters refined: 326
Goodness-of-fit 6.023
Final R indices: R  = 0.086, wR = 0.124
Extinction coefficient: 0.000001
(Delta/sigma)max.: 0.005
Largest diff. peak and hole: 0.8093 and -0.1943 e.A'^
Table 5-2 Fractional atomic coordinates of 5.1a
Atoms X y z Bcq(A")
Cll 0.6083(2) 0.4146(2) 0.4668(2) 7.33(6)
C12 0.8031(1) 0.3345(2) 0.4363(1) 6.94(5)
C13 0.0833(1) 0.2384(2) 0.4097(1) 4.78(3)
C14 0.1317(1) 0.3545(2) 0.5615(1) 5.34(4)
C15 0.1896(2) -0.1067(2) 0.1363(1) 5.65(4)
C16 0.3647(1) 0.0513(2) 0.16288(9) 4.92(4)
Cl 0.5735(4) -0.0462(5) 0.2883(3) 3.8(1)
(table con’d)
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C2 0.6758(5) -0.0672(6) 0.2708(4) 4.4(1)
C3 0.7663(5) 0.0003(6) 0.3043(4) 4.9(1)
C4 0.7599(5) 0.0896(6) 0.3551(4) 4.5(1)
CS 0.6268(4) 0.1956(5) 0.4259(3) 3.3(1)
C6 0.5848(4) 0.2777(5) 0.6191(3) 3.6(1)
C7 0.5880(5) 0.3266(5) 0.6944(4) 4.2(1)
C8 0.4888(5) 0.3547(5) 0.7134(3) 4.3(1)
C9 0.3872(5) 0.3260(5) 0.6616(3) 3.7(1)
CIO 0.2870(4) 0.2240(4) 0.5212(3) 2.85(9)
C ll 0.1278(4) -0.0197(5) 0.4378(3) 3.6(1)
C12 0.0508(4) -0.1059(6) 0.4144(4) 4.4(1)
C13 0.0467(5) -0.1692(5) 0.3446(5) 5.1(2)
C14 0.1203(5) -0.1524(5) 0.2978(4) 4.1(1)
CIS 0.2904(4) -0.0294(4) 0.2879(3) 2 .8 ( 1 )
C16 0.5649(4) 0.0429(5) 0.3367(3) 3.0(1)
C17 0.6604(4) 0.1099(5) 0.3740(3) 3.3(1)
C18 0.5161(4) 0.1625(4) 0.4319(3) 2.80(9)
C19 0.4533(4) 0.1944(4) 0.4847(3) 2.69(9)
C20 0.4813(4) 0.2515(4) 0.5639(3) 2 .8 ( 1 )
C21 0.3816(4) 0.2709(4) 0.5873(3) 3.0(1)
C22 0.3381(4) 0.1582(4) 0.4665(3) 2.58(9)
C23 0.2984(4) 0.0766(4) 0.4082(3) 2.52(9)
C24 0.2022(4) -0.0003(4) 0.3921(3) 2.75(9)
C25 0.1992(4) -0.0671(5) 0.3224(3) 3.0(1)
C26 0.3628(4) 0.0442(4) 0.3535(3) 2.66(9)
C27 0.4727(4) 0.0807(4) 0.3684(3) 2.76(9)
C28 0.6747(5) 0.2981(6) 0.4458(4) 4.5(1)
C29 0.1823(4) 0.2611(5) 0.5030(3) 3.4(1)
C30 0.2867(4) -0.0317(5) 0.2084(3) 3.3(1)
Beq = ( 8  7C / 3 ) ZiSjUijaj*aj*ai • aj
Table 5-3 Bond distances, angles, and torsion angles of 5.1a
Cll C28 1.702(7) CIO C29 1.329(7)
C2 C28 1.708(7) C ll C12 1.384(8)
C13 C29 1.723(5) C ll C24 1.380(8)
C14 C29 1.717(6) C12 C13 1.38(1)
CIS C30 1.704(5) C13 C14 1.38(1)
C16 C30 1.711(6) C14 C25 1.392(8)
Cl C2 1.409(9) CIS C25 1.484(8)
Cl C16 1.359(8) CIS C26 1.496(6)
C2 C3 1.370(8) CIS C30 1.324(8)
C3 C4 1.38(1) C16 C17 1.423(7) 
(table con’d)
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
71
C4 C17 1.3S4(S) C16 C ll 1.467(7)
C5 C17 1.477(S) CIS C19 1.391(S)
C5 CIS 1.466(7) CIS C ll 1.434(7)
C5 C2S 1.3S7(9) C19 CIO 1.44S(7)
C6 Cl 1.3S4(S) C19 C ll 1.447(6)
C6 CIO 1.39S(6) CIO C21 1.423(S)
C7 CS 1.40(1) C ll C23 1.370(7)
C8 C9 1.363(S) C23 C24 1.471(7)
C9 C21 1.396(S) C23 C26 1.434(7)
CIO C21 1.4S2(6) C24 C2S 1.40S(7)
CIO C22 1.4S1(7) C26 C ll 1.390(6)
C2 Cl C16 119.S(S) Cl C16 C ll 131.2(S)
Cl C2 C3 119.9(6) C17 C16 C ll 10S.2(S)
C2 C3 C4 121.3(6) C4 C17 CS 132.7(S)
C3 C4 C17 119.3(S) C4 C17 C16 119.S(S)
C17 CS CIS 106.6(4) CS C ll C16 107.S(4)
C17 CS C2S 126.0(S) CS CIS C19 132.9(4)
CIS CS C2S 12S.S(S) CS CIS C ll 107.2(S)
Cl C6 C20 119.0(S) C19 CIS C ll 119.9(4)
C6 C l CS 120.6(S) CIS C19 CIO 133.0(4)
Cl c s C9 1 2 1 .0 (6 ) CIS C19 C ll 119.2(4)
CS C9 C21 119.4(6) C20 C19 C ll 107.S(4)
C21 CIO C22 1 OS.9(4) C6 C20 C19 130.9(S)
C21 CIO C29 124.7(S) C6 C20 C21 119.6(S)
C22 CIO C29 126.S(4) C19 C20 C21 109.1(4)
C12 C ll C24 119.1(S) C9 C21 CIO 132.S(S)
C ll C12 C13 1 2 0 .1 (6 ) C9 C21 C20 119.S(4)
C12 C13 CM 1 2 2 .2 (6 ) CIO C21 C20 107.7(4)
C13 CM C2S 117.6(6) CIO C22 C19 106.7(4)
C25 CIS C26 104.9(4) CIO C22 C23 133.S(4)
C25 CIS C30 12S.2(4) C19 C ll C23 119.9(S)
C26 CIS C30 126.S(S) C22 C13 C24 133.1(S)
Cl C16 C17 120.2(S) C ll C23 C26 119.7(4)
C24 C23 C26 106.S(4) C16 C ll C26 132.2(S)
C ll C24 C23 130.0(S) CIS C ll C26 119.S(S)
C ll C24 C2S 120.3(S) Cll C2S C12 109.6(4)
C23 C24 C2S 109.4(S) Cll C2S CS 12S.3(S)
CM C2S CIS 131.2(S) C12 C2S c s 124.2(S)
CM C2S C24 120.6(S) C13 C29 C14 109.8(3)
CIS C2S C24 10S.2(4) C13 C29 CIO 124.2(S)
CIS C26 C23 107.S(4) C14 C29 CIO 12S.3(4)
CIS C26 C ll 132.4(S) CIS C30 C16 111.3(3)
C23 C26 C ll 120.1(4) CIS C30 CIS 123.0(4)
C16 C27 CIS 10S.O(4) C16 C30 CIS 12S.3(4) 
(table con’d)
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C30 C15 C25 C14 33.2 (9)
C30 C15 C25 C24 -147.S (5)
C25 C15 C26 C23 -IS O (5)
CIS C15 C26 C ll 160.9 (5)
C30 C15 C26 C23 142.6 (5)
C30 C15 C26 C ll -3S.6 (9)
C25 C15 C30 CI5 -15.2 (S)
CIS C15 C30 C16 156.4(4)
C26 C15 C30 C15 -172.0 (4)
C26 C15 C30 CI6 -0.4 (S)
Cl C16 C17 C4 5.3 (S)
Cl C16 C17 C5 -177.0 (5)
C27 C16 C17 C4 179.0 (5)
C27 C16 C17 C5 -3.4(6)
Cl C16 C27 CIS 166.4 (6 )
Cl C16 C ll C26 -6 . 6  ( 1 0 )
C17 C16 C ll CIS -6.3 (6 )
C17 C16 C ll C26 -179.3 (5)
C5 CIS C19 C20 -16.2 ( 1 0 )
C5 CIS C19 C22 170.8 (5)
C27 CIS C19 C20 163.1(5)
C27 CIS C19 C ll -9.9 (7)
C5 CIS C ll C16 13.5(6)
C5 CIS C ll C26 -172.5 (5)
C19 CIS C ll C16 -166.0 (5)
C19 CIS C ll C26 8.0 (7)
CIS C19 CIO C6 -11.5(10)
CIS C19 CIO C21 175.2 (6 )
C22 C19 CIO C6 162.1(6)
C22 C19 CIO C21 -1 1 .2 (6 )
CIS C19 C ll CIO -167.9 (5)
CIS C19 C ll C23 12.6 (7)
C20 C19 C ll CIO 17.5 (5)
C20 C19 C ll C23 -162.0 (5)
C6 C20 C21 C9 6.3 (8 )
C6 C20 C21 CIO -173.8 (5)
C19 C20 C21 C9 -179.5 (5)
C19 C20 C21 CIO 0.4(6)
CIO C22 C23 C24 -2 0 .0 ( 1 0 )
CIO C22 C23 C26 167.6 (5)
(table con’d)
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C15 0.033(2) 0.032(2) 0.042(2) 0.003(2) 0 .0 1 0 (2 ) -0 .0 0 2 (2 )
C16 0.033(2) 0.049(3) 0.037(2) 0.005(2) 0.014(2) 0.007(2)
C17 0.034(2) 0.052(3) 0.042(2) -0 .0 0 2 (2 ) 0.013(2) 0 .0 1 0 (2 )
C18 0.027(2) 0.044(3) 0.034(2) -0.003(2) 0.007(2) 0 .0 0 1 (2 )
C19 0.029(2) 0.038(3) 0.034(2) -0 .0 0 1 (2 ) 0.008(2) 0 .0 0 2 (2 )
C20 0.034(2) 0.039(3) 0.032(2) -0 .0 0 0 (2 ) 0.005(2) 0.003(2)
C21 0.039(2) 0.040(3) 0.034(2) -0.003(2) 0 .0 1 1 (2 ) 0.004(2)
C22 0.026(2) 0.040(3) 0.031(2) -0 .0 0 1 (2 ) 0.007(2) 0.005(2)
C23 0.026(2) 0.039(2) 0.030(2) 0 .0 0 1 (2 ) 0.007(1) 0.003(2)
C24 0.029(2) 0.033(2) 0.041(2) -0 .0 0 1 (2 ) 0.009(2) 0.006(2)
C25 0.028(2) 0.038(3) 0.046(2) -0 .0 0 0 (2 ) 0.009(2) 0 .0 0 1 (2 )
C26 0.031(2) 0.034(2) 0.035(2) -0.003(2) 0.009(2) 0 .0 0 1 (2 )
C27 0.030(2) 0.041(3) 0.035(2) 0 .0 0 1 (2 ) 0 .0 1 2 (2 ) 0.006(2)
C28 0.048(3) 0.057(4) 0.071(3) -0.011(3) 0 .0 2 2 (2 ) -0.008(3)
C29 0.033(2) 0.049(3) 0.049(2) -0.004(2) 0.016(2) -0 .0 0 1 (2 )
C30 0.041(2) 0.040(3) 0.045(2) 0 .0 0 1 (2 ) 0 .0 1 2 (2 ) -0.009(2)
5.2 The structure of l,8-bis(3,5-dimethyl-4-isoxazolyl)anthraquinone
The crystal structure of the title compound (5.2a) is listed below.
5.2a
Refinement results show that the C15a/C19a are disordered with site-occupation- 
factor 0.62, and C15b/C19b are disordered with site-occupation-factor 0.38. The 
hydrogen atoms bound to these carbons are not assigned, while the other hydrogen 
atoms were assigned by calculation. The molecular structure is show in figure 5.3, and 
the experimental details, atomic coordinates, bond distances and angles are listed in 
tables 5.5 to 5.8.
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C1SB
Figure 5-3 Molecular structure of l,8 -bis(3 ,5 -dimethyl-4 -isoxa2 olyl)anthraquinone
(5.2a) with displacement ellipsoids drawn at the 30% probability level. H 
atoms are drawn with arbitrary radii.
Table 5-5 Experimental details of l,8-bis(3,5-dimethyl-4-
isoxazolyl)anthraquinone(5.2a).
CRYSTAL DATA; ~  ~
Empirical formula; C24 HI 8  N2 04  
Formula weight: 398.42 
Crystal system: Monoclinic 
Space group: P 1 2 1 /n 1 
Unit cell dimensions: a = 6.9002(5) Â
b = 23.320(2) Â 
c=  12.714(1) Â 
alpha = 90.000(8) deg. 
beta = 100.055(7) deg. 
gamma = 90.000(7) deg.
Volume, Z: 2014.4(6) 4.00
Density (calculated) : 1.31 Mg/m^
Crystal color: brown 
Crystal shape: needle 
Absorption coeflBcient: 0.702 mm'
F(OOO): 832
Crystd size: 0.50 x 0.35 x 0.25 mm
Temperature: 296 K
Radiation: Cu-Ka
Wavelength: 1.54184 Â
Theta range for lattice parameters: 7 - 2 4  deg.
(table con’d)
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No. of reflections for lattice parameters 25 
DATA COLLECTION:
Theta max.: 69.91 deg.
No. of standard reflections: 3
Limiting indices: h: 0 - 7, k: 0 - 28 ,1: -15-15
Reflections collected: 4097
Independent reflections: 3674 [R(int) = 0.043]
Observed reflections: 1901
Criterion for observed: I>2.0a(I)
Max. and min. transmission: 0.9982 and 0.8569 
Intensity decay: 2.53 
REFINEMENT:
Refinement method: F
No. of reflections used in refinement: 1901
No. of parameters refined: 291
Goodness-of-fit 5.915
Final R indices: R = 0.145, wR = 0.152
Extinction coefficient: 0.000002
(Delta/sigma)max.: 0.008
Largest diff. peak and hole: 0.4069 and -0.2080 e.Â'^
Table 5-6 Atomic coordinates of 5.2a
Atom X y z Beq
01 0.962(1) 0.1360(3) 0.3032(5) 20.4(3)
02 0.7181(7) -0.0289(3) 0.5311(5) 10.9(2)
03 1.1577(9) 0.1297(3) 0.0549(5) 14.1(2)
04 0.881(1) 0.2915(3) 0.3168(7) 15.7(3)
N1 1.064(1) 0.2924(4) 0.3797(8) 17.8(3)
N2 0.9673(9) 0.1274(4) -0.0120(5) 11.2(2)
Cl 0.818(1) 0.1710(3) 0.4879(5) 6.8(2)
C2 0.762(1) 0.1814(3) 0.5838(6) 8.5(2)
C3 0.710(1) 0.1375(4) 0.6448(6) 9.3(2)
C4 0.710(1) 0.0819(4) 0.6071(7) 8.7(2)
C5 0.765(1) -0.0593(3) 0.3265(8) 9.8(3)
C6 0.798(1) -0.0683(4) 0.2247(8) 11.4(3)
C7 0.867(1) -0.0255(4) 0.1640(8) 11.9(3)
C8 0.899(1) 0.0326(3) 0.1949(6) 8.5(2)
C9 0.861(1) 0.0435(3) 0.3018(6) 7.5(2)
CIO 0.792(1) -0.0018(4) 0.3634(7) 8.9(2)
C ll 0.8160(9) 0.1147(3) 0.4505(5) 6.1(2)
C12 0.7639(9) 0.0708(3) 0.5134(6) 7.1(2)
C13 0.883(1) 0.1009(3) 0.3479(6) 9.5(3)
(table con’d)
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C14 0.755(1) 0.0090(3) 0.4729(7) 8.4(2)
C15B 1.190(4) 0.269(1) 0.566(2) 12.9(9)
C15A 1.258(2) 0.2058(8) 0.466(2) 14.7(7)
C16 1.060(2) 0.2456(6) 0.4411(9) 19.5(4)
C17 0.884(1) 0.2199(3) 0.4268(6) 7.3(2)
CIS 0.779(2) 0.2491(4) 0.352(1) 17.5(5)
C19B 0.653(5) 0.222(1) 0.241(2) 16(1)
C19A 0.535(4) 0.258(1) 0.341(2) 22.5(9)
C20 1.318(2) 0.0886(5) 0.220(1) 14.9(4)
C21 1.149(1) 0.0951(4) 0.1377(7) 9.9(3)
€22 0.948(1) 0.0775(4) 0.1268(6) 9.9(3)
€23 0.860(1) 0.0911(5) 0.0369(6) 11.2(3)
€24 0.675(2) 0.0773(8) -0.024(1) 20.0(6)
Beq = ( 8 7c2 / 3 ) IiIjUijai*aj*ai • aj
Table 5-7 Anisotropic displacement parameters of 5.2a
Name U ll U2 2 U3 3 U 1 2 Ui3 U2 3
01 0.60(1) 0.059(4) 0.169(4) 0.019(6) 0.210(5) 0.014(4)
02 0.097(4) 0.133(4) 0.177(5) -0.012(3) 0.007(4) 0.054(4)
03 0.163(5) 0.214(7) 0.173(5) 0.003(5) 0.066(4) -0.035(5)
04 0.278(8) 0.102(5) 0.204(7) 0.030(5) 0.009(6) -0.014(5)
N1 0.188(7) 0.258(8) 0.238(8) -0.081(6) 0.063(5) 0.110(6)
N2 0.094(4) 0.252(8) 0.082(4) 0.041(5) 0.024(3) -0.006(5)
Cl 0.080(4) 0.106(5) 0.076(4) 0.011(4) 0.023(3) -0.012(4)
€2 0.091(5) 0.122(6) 0.120(5) -0.026(5) 0.050(4) -0.020(5)
€3 0.095(5) 0.175(8) 0.098(5) -0.013(5) 0.053(4) -0.014(5)
€4 0.080(5) 0.132(7) 0.118(6) 0.001(5) 0.016(4) -0.001(6)
€5 0.061(5) 0.090(6) 0.213(9) 0.003(4) 0.002(5) -0.037(6)
€6 0.077(5) 0.142(7) 0.213(9) -0.003(5) 0.024(6) -0.079(6)
€7 0.096(6) 0.189(9) 0.166(8) -0.005(6) 0.020(5) -0.068(7)
€8 0.084(5) 0.114(5) 0.113(5) 0.044(4) -0.013(4) -0.078(4)
€9 0.075(5) 0.084(5) 0.115(6) 0.031(4) -0.010(4) 0.005(5)
€10 0.068(5) 0.128(6) 0.131(7) 0.031(5) -0.010(5) -0.017(6)
€11 0.064(4) 0.081(5) 0.086(4) -0.002(4) 0.017(3) -0.007(4)
€12 0.054(4) 0.130(6) 0.090(5) -0.008(4) 0.021(3) 0.010(5)
€13 0.234(9) 0.051(4) 0.079(5) 0.025(5) 0.033(5) -0.012(4)
€14 0.068(5) 0.082(5) 0.151(7) -0.011(4) -0.027(5) 0.022(5)
C15B 0.12(2) 0.21(3) 0.16(2) -0.04(2) 0.03(2) -0.02(2)
C15A 0.12(1) 0.18(2) 0.26(2) -0.02(1) 0.04(1) -0.01(2)
€16 0.185(9) 0.30(1) 0.26(1) -0.103(7) 0.030(7) 0.158(7)
(table con’d)
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C17 0.111(5) 0.072(5) 0.093(5) 0.029(4) 0.008(4) -0.016(4)
C18 0.22(1) 0.067(6) 0.33(2) 0.000(7) -0.10(1) 0.005(9)
C19B 0.29(4) 0.16(2) 0.14(2) -0.04(2) -0.01(2) 0.06(2)
C19A 0.33(2) 0.24(2) 0.26(3) 0.16(2) -0.00(2) -0.02(2)
C20 0.167(9) 0.156(9) 0.22(1) -0.041(8) -0.031(9) 0.013(9)
C21 0.142(7) 0.125(7) 0.106(6) 0.021(6) 0.016(5) -0.004(6)
C22 0.152(6) 0.146(8) 0.089(5) -0.027(6) 0.054(4) 0.002(5)
C23 0.103(6) 0.23(1) 0.098(6) 0.025(7) 0.031(4) 0.021(7)
C24 0.103(8) 0.46(2) 0.18(1) -0.02(1) -0.021(7) 0.07(1)
The form of the anisotropic displacement factor is:
exp [-2k^ { hV*Uu + kb*U^ + I^ c*^ U33 + 2( hka*b*Ui2 + hla*c*Ui3 + klb*c*Uz3 )}]
Table 5-8 Bond distances and angles of 5.2a
01 C13 1.18(1) CS C22 1.43(1)
02 C14 1.21(1) C9 CIO 1.44(1)
03 N2 1.436(8) C9 C13 1.46(1)
03 C21 1.34(1) CIO C14 1.48(1)
04 N1 1.37(1) C ll C12 1.38(1)
04 C18 1.34(1) C ll C13 1.49(1)
N1 C16 1.35(2) C12 C14 1.53(1)
N2 C23 1.35(1) C15B C16 1.77(3)
Cl C2 1.36(1) C15A C16 1.64(2)
Cl C ll 1.39(1) C16 C17 1.33(1)
Cl C17 1.50(1) C17 CIS 1.29(1)
C2 C3 1.37(1) CIS C19B 1.65(3)
C3 C4 1.38(1) CIS C19A 1.68(3)
C4 C12 1.33(1) C19B C19A 1.83(4)
C5 C6 1.37(1) C20 C21 1.43(1)
C5 CIO 1.42(1) C21 C22 1.43(1)
C6 C7 1.40(1) C22 C23 1.24(1)
C7 C8 1.42(1) C23 C24 1.41(1)
C8 C9 1.45(1)
N2 03 C21 106.3(7) Cl C ll C12 119.2(7)
N1 04 C18 107.6(8) Cl C ll C13 120.9(6)
04 N1 C16 102.3(8) C12 C ll C13 119.8(6)
03 N2 C23 105.6(6) C4 C12 C ll 120.9(7)
C2 Cl C ll 118.9(7) C4 C12 C14 118.8(7)
(table con’d)
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C2 Cl C17 119.2(7) C ll C12 CM 120.1(7)
C ll Cl C17 121.9(6) 01 C13 C9 IIS.O(S)
Cl C2 C3 121.2(7) 01 C13 C ll 120.6(7)
C2 C3 C4 119.1(7) C9 C13 C ll 121.4(7)
C3 C4 C12 120.6(8) 02 CM CIO 122.8(7)
C6 C5 CIO 1M.9(S) 02 CM C12 119.0(7)
C5 C6 C7 122.9(S) CIO CM C12 118.2(7)
C6 C7 CS 125.6(9) N1 C16 C15B 102.(1)
C7 CS C9 112.3(7) N1 C16 C15A 118.(1)
C7 CS C22 124.9(7) N1 C16 C17 113.4(9)
C9 CS C22 122.6(7) C15B C16 C15A 74.(1)
CS C9 CIO 120.S(7) C15B C16 C17 125.(1)
CS C9 C13 120.8(7) C15A C16 C17 119.(1)
CIO C9 C13 118.4(7) Cl C17 C16 128.6(7)
C5 CIO C9 123.3(8) Cl C17 CIS 127.1(8)
C5 CIO CM 115.7(8) C16 C17 CIS 104.2(9)
C9 CIO CM 120.9(7) 04 CIS C17 112.1(9)
04 CIS C19B 103.(1) 03 C21 C22 106.0(7)
04 CIS C19A 118.(1) C20 C21 C22 134.0(9)
C17 CIS C19B 125.(1) CS C22 C21 118.3(7)
C17 CIS C19A 124.(1) c s C22 C23 128.1(8)
C19B CIS C19A 67.(2) C21 C22 C23 109.0(8)
CIS C19B C19A 57.(1) N2 C23 C22 111.6(8)
CIS C19A C19B 56.(1) N2 C23 C24 114.3(9)
03 C21 C20 119.5(8) C22 C23 C24 134.(1)
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5.3 The structure of Indeno[7,7a, l,2,3-lmno]-l,12-ethenochrysene
The title compound, Indeno[7,7a, l,2,3-lmno]-l,12-ethenochrysene(S.3a)^^ is 
part of a series of studies of aromatic hydrocarbon structures with curved surfaces. This 
types of carbon framework is similar to the buckminsterfullerene (Ceo) surface.
5.3a
The title compound was synthesized by a double-ring closure process 
accomplished by the flash vacuum pyrolysis (FVP) method.^  ^ The crystal structure was 
determined using intensity data collected on an Enraf-Nonius CAD4 diffractometer with 
graphite monochromated Cu-Ka radiation. Equipment and procedure are as noted in 
chapter 3.1. Hydrogen atoms were located from difference maps and refined 
isotropically. The aromatic hydrocarbon framework did not have the expected 
buckminsterflillerene curved surface but instead it possesses a planar framework. The 
molecular structure is shown in figure 5.4; experimental details, atomic coordinates, 
bond distances and angles are listed in tables 5.9 to 5.12
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
81
C!8
C17 09
C22
C21
.C24
C23
0 6
0 5 TO 00
03
0 4
Figure 5-4 Structure of indeno[7,7a, l,2,3-lmno]-l, 12-ethenochrysene (5.3a), the
displacement ellipsoids drawn at the 40% probability level. H atoms are 
drawn with arbitrary radii.
Table 5-9 Experimental details of indeno[7,7a, l,2,3-lmno]-l, 12-ethenochrysene
(5.3a).
CRYSTAL DATA
Chemical formula
C 2 4 H 1 2
Mr
300.36 
a (A)
4.8014(3)
6(A)
13.539(2)
c(A)
22.091(1)
Z
4
V ( A 3)
1435.7(4)
Radiation
CuKa
Wavelength (A)
1.54184
Absorption coefficient (mm*^) 
0.565
Crystal system 
Triclinic 
Space group 
P2i/c
a (0 )
90.015(8)
91.317(6)
y(°)
89.991(7)
Dm (Mg m-3)
Dx (Mg m-3)
1.39
No. of reflections for 
lattice parameters 25
Grange for lattice parameters (°)
8°  < e<29^
Temperature 
298 K
(table con’d)
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Crystal colour 
Red
Crystal size (mm) 
0.50x0.13x0.13 
DATA COLLECTION
Crystal description 
Needle
Diffractometer type 
Enraf-Nonius CAD4 
Absorption correction type 
If/ scans (North, Philips & Mathews, 
1968)
No. of reflections measured 
6595
No. of independent reflections 
3275
No. of observed reflections 
2024
Criterion for observed 
I>3a(I)  
hmin 
0
kmin
-16
Imin
-27
REFINEMENT
Collection method 
Scans
Absorption correction (Tmin ,Tmax)
Tmin— 0.8211
Tmax= 0.9974
^int
0.059
^ a x
74°
No. of standard reflections (and interval) 
3, 10000 sec.
Intensity decay 
< 1% 
hmax 
6
kmax
16
Imax
27
Treatment of hydrogen atoms 
refined isotropically 
R
0.037
w/?
0.052
S
1.645
(A / a)max 
< 0.01
Extinction correction method (if applied) 
isotropic
Primary- and secondary- extinction values 
0.26x10'^
F , or I
No. of parameters refined 
266
No. of reflections used in refinement 
2024
Weighing scheme 
w = 4 Fq /[a(I)+0.0004Fq ]
( Ap )min (eA"^)
- 0.22
( Ap )max (eA"^)
0.34
Source of atomic scattering factors 
International Tables, Vol. IV, Tables 
2.2B, 2.3.1 (1974) _____________
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Atom X y z Bcq(A2)
01 0.962(1) 0.1360(3) 0.3032(5) 20.4(3)
02 0.7181(7) -0.0289(3) 0.5311(5) 10.9(2)
03 1.1577(9) 0.1297(3) 0.0549(5) 14.1(2)
04 0.881(1) 0.2915(3) 0.3168(7) 15.7(3)
N1 1.064(1) 0.2924(4) 0.3797(8) 17.8(3)
N2 0.9673(9) 0.1274(4) -0.0120(5) 11.2(2)
Cl 0.818(1) 0.1710(3) 0.4879(5) 6.8(2)
C2 0.762(1) 0.1814(3) 0.5838(6) 8.5(2)
C3 0.710(1) 0.1375(4) 0.6448(6) 9.3(2)
C4 0.710(1) 0.0819(4) 0.6071(7) 8.7(2)
CS 0.765(1) -0.0593(3) 0.3265(8) 9.8(3)
C6 0.798(1) -0.0683(4) 0.2247(8) 11.4(3)
C7 0.867(1) -0.0255(4) 0.1640(8) 11.9(3)
C8 0.899(1) 0.0326(3) 0.1949(6) 8.5(2)
C9 0.861(1) 0.0435(3) 0.3018(6) 7.5(2)
CIO 0.792(1) -0.0018(4) 0.3634(7) 8.9(2)
C ll 0.8160(9) 0.1147(3) 0.4505(5) 6.1(2)
C12 0.7639(9) 0.0708(3) 0.5134(6) 7.1(2)
C13 0.883(1) 0.1009(3) 0.3479(6) 9.5(3)
CM 0.755(1) 0.0090(3) 0.4729(7) 8.4(2)
C15B 1.190(4) 0.269(1) 0.566(2) 12.9(9)
C15A 1.258(2) 0.2058(8) 0.466(2) 14.7(7)
C16 1.060(2) 0.2456(6) 0.4411(9) 19.5(4)
C17 0.884(1) 0.2199(3) 0.4268(6) 7.3(2)
C18 0.779(2) 0.2491(4) 0.352(1) 17.5(5)
C19B 0.653(5) 0.222(1) 0.241(2) 16(1)
C19A 0.535(4) 0.258(1) 0.341(2) 22.5(9)
C20 1.318(2) 0.0886(5) 0.220(1) 14.9(4)
C21 1.149(1) 0.0951(4) 0.1377(7) 9.9(3)
C22 0.948(1) 0.0775(4) 0.1268(6) 9.9(3)
C23 0.860(1) 0.0911(5) 0.0369(6) 11.2(3)
C24 0.675(2) 0.0773(8) -0.024(1) 20.0(6)
Beq = ( 8 7t2 / 3 ) ZjljUjja^ ai*a'i • aj
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Table 5-11 Anisotropic displacement parameters of 5.3a
Name U ll U2 2 U3 3 U 1 2 Ui3 U2 3
01 0.60(1) 0.059(4) 0.169(4) 0.019(6) 0.210(5) 0.014(4)
02 0.097(4) 0.133(4) 0.177(5) -0.012(3) 0.007(4) 0.054(4)
03 0.163(5) 0.214(7) 0.173(5) 0.003(5) 0.066(4) -0.035(5)
04 0.278(8) 0.102(5) 0.204(7) 0.030(5) 0.009(6) -0.014(5)
N1 0.188(7) 0.258(8) 0.238(8) -0.081(6) 0.063(5) 0.110(6)
N2 0.094(4) 0.252(8) 0.082(4) 0.041(5) 0.024(3) -0.006(5)
Cl 0.080(4) 0.106(5) 0.076(4) 0.011(4) 0.023(3) -0.012(4)
C2 0.091(5) 0.122(6) 0.120(5) -0.026(5) 0.050(4) -0.020(5)
C3 0.095(5) 0.175(8) 0.098(5) -0.013(5) 0.053(4) -0.014(5)
C4 0.080(5) 0.132(7) 0.118(6) 0.001(5) 0.016(4) -0.001(6)
C5 0.061(5) 0.090(6) 0.213(9) 0.003(4) 0.002(5) -0.037(6)
C6 0.077(5) 0.142(7) 0.213(9) -0.003(5) 0.024(6) -0.079(6)
C7 0.096(6) 0.189(9) 0.166(8) -0.005(6) 0.020(5) -0.068(7)
C8 0.084(5) 0.114(5) 0.113(5) 0.044(4) -0.013(4) -0.078(4)
C9 0.075(5) 0.084(5) 0.115(6) 0.031(4) -0.010(4) 0.005(5)
CIO 0.068(5) 0.128(6) 0.131(7) 0.031(5) -0.010(5) -0.017(6)
C ll 0.064(4) 0.081(5) 0.086(4) -0.002(4) 0.017(3) -0.007(4)
C12 0.054(4) 0.130(6) 0.090(5) -0.008(4) 0.021(3) 0.010(5)
C13 0.234(9) 0.051(4) 0.079(5) 0.025(5) 0.033(5) -0.012(4)
C14 0.068(5) 0.082(5) 0.151(7) -0.011(4) -0.027(5) 0.022(5)
C15B 0.12(2) 0.21(3) 0.16(2) -0.04(2) 0.03(2) -0.02(2)
C15A 0.12(1) 0.18(2) 0.26(2) -0.02(1) 0.04(1) -0.01(2)
C16 0.185(9) 0.30(1) 0.26(1) -0.103(7) 0.030(7) 0.158(7)
C17 0.111(5) 0.072(5) 0.093(5) 0.029(4) 0.008(4) -0.016(4)
CIS 0.22(1) 0.067(6) 0.33(2) 0.000(7) -0.10(1) 0.005(9)
C19B 0.29(4) 0.16(2) 0.14(2) -0.04(2) -0.01(2) 0.06(2)
C19A 0.33(2) 0.24(2) 0.26(3) 0.16(2) -0.00(2) -0.02(2)
C20 0.167(9) 0.156(9) 0.22(1) -0.041(8) -0.031(9) 0.013(9)
C21 0.142(7) 0.125(7) 0.106(6) 0.021(6) 0.016(5) -0.004(6)
C22 0.152(6) 0.146(8) 0.089(5) -0.027(6) 0.054(4) 0.002(5)
C23 0.103(6) 0.23(1) 0.098(6) 0.025(7) 0.031(4) 0.021(7)
C24 0.103(8) 0.46(2) 0.18(1) -0.02(1) -0.021(7) 0.07(1)
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Table 5-12 Bond distances and angles of 5.3a
01 C13 1.18(1) CS C22 1.43(1)
02 C14 1.21(1) C9 CIO 1.44(1)
03 N2 1.436(8) C9 C13 1.46(1)
03 C21 1.34(1) CIO C14 1.4S(1)
04 N1 1.37(1) C ll C12 1.3S(1)
04 CIS 1.34(1) C ll C13 1.49(1)
N1 C16 1.35(2) C12 C14 1.53(1)
N2 C23 1.35(1) C15B C16 1.77(3)
Cl C2 1.36(1) C15A C16 1.64(2)
Cl C ll 1.39(1) C16 C17 1.33(1)
Cl C17 1.50(1) C17 CIS 1.29(1)
C2 C3 1.37(1) CIS C19B 1.65(3)
C3 C4 1.38(1) CIS C19A 1.6S(3)
C4 C12 1.33(1) C19B C19A 1.83(4)
C5 C6 1.37(1) C20 C21 1.43(1)
C5 CIO 1.42(1) C21 C22 1.43(1)
C6 C l 1.40(1) C22 C23 1.24(1)
C7 C8 1.42(1) C23 C24 1.41(1)
CS C9 1.45(1)
N2 03 C21 106.3(7) Cl C ll C12 119.2(7)
N1 04 CIS 107.6(S) Cl C ll C13 120.9(6)
04 N1 C16 102.3(S) C12 C ll C13 119.8(6)
03 N2 C23 105.6(6) C4 C12 C ll 120.9(7)
C2 Cl C ll 11S.9(7) C4 C12 C14 11S.S(7)
C2 Cl C17 119.2(7) C ll C12 C14 120.1(7)
C ll Cl C ll 121.9(6) 01 C13 C9 IIS.O(S)
Cl C2 C3 121.2(7) 01 C13 C ll 120.6(7)
C2 C3 C4 119.1(7) C9 C13 C ll 121.4(7)
C3 C4 C12 120.6(S) 02 C14 CIO 122.8(7)
C6 C5 CIO 114.9(S) 02 C14 C12 119.0(7)
C5 C6 Cl 122.9(S) CIO C14 C12 118.2(7)
C6 C l CS 125.6(9) N1 C16 C15B 102.(1)
Cl CS C9 112.3(7) N1 C16 C15A 118.(1)
Cl c s C22 124.9(7) N1 C16 C17 113.4(9)
C9 c s C22 122.6(7) C15B C16 C15A 74.(1)
C8 C9 CIO 120.S(7) C15B C16 C17 125.(1)
C8 C9 C13 120.S(7) C15A C16 C17 119.(1)
CIO C9 C13 11S.4(7) Cl C17 C16 128.6(7)
CS CIO C9 123.3(S) Cl C17 CIS 127.1(8)
(table con’d)
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C5 CIO C14 115.7(8) C16 C17 C18 104.2(9)
C9 CIO C14 120.9(7) 04 C18 C17 112.1(9)
04 CIS C19B 103.(1) 03 C21 C22 106.0(7)
04 CIS C19A 118.(1) C20 C21 C22 134.0(9)
C17 CIS C19B 125.(1) CS C22 C21 118.3(7)
C17 CIS C19A 124.(1) C8 C22 C23 128.1(8)
C19B CIS C19A 67.(2) C21 C22 C23 109.0(8)
CIS C19B C19A 57.(1) N2 C23 C22 111.6(8)
CIS C19A C19B 56.(1) N2 C23 C24 114.3(9)
03 C21 C20 119.5(8) C22 C23 C24 134.(1)
5.4 The structure of 2,3,5,6-tetrabromo-pyridine and 2,3,5,6-tetrabromo- 
pyrazine.
The crystals of the title compounds, 2,3,5,6-tetrabromo-pyridine (5.4a) and 
2,3,5,6-tetrabromo-pyrazine (5.4b) were obtained from Dr. Gabriel Garcia at Atalanta 
University; their structures are reported below.
n
Br
5.4a 5.4b
Both moleculars pack at centers of inversion in monoclinic crystals. In 
compound 5.4a, the nitrogen atom and the carbon atom are disordered with site 
occupation factor 0.50. The coordinates of the hydrogen atom bound to C(3) were 
deduced from calculation, based on the sp  ^bonding character of the C(3) atom; the site 
occupation factor of this hydrogen atom is also 0.50. The structure of 5.4a is shown in 
the following figure 5.5.
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For compound 5.4b, half of the atoms were located from difference Fourier 
maps; the whole molecule was obtained by inversion. Equipment and data collection 
methods are as noted in chapter 3.1. Experimental details, bond distances and angles are 
listed in tables 5.13 to 5.20.
Br2Brl
C2Cl
C2 Cl
C3
Br2 Brl
5.4a
BrlBr2
ClC2
C2
Brl
Br2
5.4b
Figure 5-5 Molecular structures of 2,3,5,6-tetrabromo-pyridine (5.4a) and 2,3,5,6- 
tetrabromo-pyrazine (5.4b).
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Table 5-13 Experimental details of 2,3,5,6-tetrabromo-pyridine (S.4a).
CRYSTAL DATA
Chemical formula
CsHNBr4
M f
714.05
a (A)
4.0606(2)
6(A )
9.9190(6)
c(A )
10.7870(7)
Z
2
V ( A 3)
428.2(8)
Radiation
M-oKa
Wavelength (A)
0.71073
Absorption coefficient (mm‘ )^ 
18.551
Crystal source
organic
Crystal colour
Colorless
Crystal size (mm)
0.38x0.15x0.10
DATA COLLECTION
Crystal system 
Monoclinic 
Space group 
P2i/c
«(0)
90
99.784(5)
y m
90
Dm (Mg m-3)
Dc (Mg m-3)
3.06
No. of reflections for 
lattice parameters 25
Grange for lattice parameters (°)
8°< e<  12°
Temperature
297K
Crystal description 
fragment
Diffractometer type 
Enraf-Nonius CAD4 
Absorption correction type 
^  scans (North, Philips & Mathews, 
1968)
No. of reflections measured 
2181
No. of independent reflections 
1885
Collection method 
û>-20 Scans
Absorption correction (Tmin ,Tmax)
Tmin ~ 0.5853
Tmax = 0.9943
Rint
0.027
Omax
34.95°
(table con’d)
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No. of observed reflections 
760
Criterion for observed 
l> 3.0o(I) 
hmin 
0
f^min
0
Imin
-17
REFINEMENT
No. of standard reflections (and interval) 
3, 10000 sec.
Intensity decay 
< 1% 
hmax 
6
kmax
15
Intax
17
Treatment o f hydrogen atoms (circle 
appropriate entry, or describe in box 
below)
R
0.031
wi?
0.031
S
1.607
(A / CT)tnax 
0.008
Extinction correction method (if applied) 
isotropic (Zachariasen, 1963)
Primary- and secondary- extinction values 
1.3x10"^
F , or I
No. of parameters refined 
47
No. of reflections used in refinement 
760
Weighing scheme 
w = 4 d^(Fo^)+(0.02Fj)- ]
( )min (eÂ"^)
-0.5321
( Ap )max (eÂ"3)
0.5876
Source of atomic scattering factors 
International Tables, Vol. IV, Tables 
2.2B, 2.3.1 (1974) _____________
Table 5-14 Experimental details 2,3,5,6-tetrabromo-pyrazine (5.4b).
CRYSTAL DATA
Chemical formula 
CsNzBr^
Mr
395.69
a (A)
6.9483(7)
Crystal system 
Monoclinic 
Space group 
P2,/n
a (0 )
90
(table con’d)
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6(A)
6.1483(8)
C(A)
10.1074(8)
Z
2
V(Â3)
428.2(8)
Radiation
MoKa
Wavelength (À)
0.71073
Absorption coefiBcient (mm'l) 
18.771
Crystal source 
organic 
Crystal colour 
Colorless 
Crystal size (mm)
0.50x0.25 x0.20 
DATA COLLECTION
Dififractometer type 
Enraf-Nonius CAD4 
Absorption correction type 
^  scans (North, Philips & Mathews, 
1968)
No. of reflections measured 
3945
No. of independent reflections 
1958
No. of observed reflections 
658
Criterion for observed 
I>  3.0o(I) 
hmin 
0
^min
-9
Imin
-16
^ (° )
101.445(7)
;^(0)
90
Dm (Mg m-3)
Dc (Mg m-3)
3.10
No. of reflections for 
lattice parameters 25
Grange for lattice parameters (°) 
7°<0<14°
Temperature
296K
Crystal description 
fragment
Collection method 
£U-2^  Scans
Absorption correction (Tmin ,Tmax) 
Tmin ~ 0.3711 
= 0.9971
Rint
0.075
^ a x
34.92°
No. of standard reflections (and interval) 
3, 10000 sec.
Intensity decay 
< 1% 
hmax 
11
^max
9
Imax
15
(table con’d)
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Treatment of hydrogen atoms (circle 
appropriate entry, or describe in box 
below)
R
0.047
wR 
0.050 
S  
2.080 
(A / a)max 
< 1%
Extinction correction method (if applied) 
isotropic (Zachariasen, 1963)
Primary- and secondary- extinction values 
7.5x10"^
F , or I
No. of parameters refined 
47
(table con’d) 
No. of reflections used in refinement 
658
Weighing scheme
M/ = 4Fo^/[ c^(Fo^)+(0.02Fo'f ]
( Ap )min (cA" )^
-0.8903
( Ap )max (eA"3)
1.0972
Source of atomic scattering factors 
International Tables, Vol. IV, Tables 
2.2B, 2.3.1 (1974) _________________
Table 5-15 Fractional atomic coordinates of 5.4a
Atom X y z Beq
Brl 0.1071(1) 0.40085(6) 0.22917(4) 4.70(1)
Br2 0.4351(1) 0.81528(5) 0.56823(5) 4.56(1)
tN/C3 0.316(1) 0.5881(4) 0.4169(3) 3.42(8)
Cl 0.338(1) 0.4564(5) 0.3872(4) 3.18(9)
C2 0.478(1) 0.6324(4) 0.5306(4) 3.06(8)
H 0.1887 0.6493 0.3587 4.5*
tN/C3 is a position half populated by N and half populated by C. 
Starred atom is half populated and isotropic.
Beq = ( 8 Tt^  / 3 ) <T/oyC/^a/*ay*a/ • aj
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Table 5-16 Anisotropic displacement parameters of 5.4a
Uti U 2 2 U 3 3 U 1 2 U i 3 U 2 3
Brl 0.0608(3) 0.0706(3) 0.0424(2) -0.0102(3) -0.0046(2) 0.0025(3)
Br2 0.0776(3) 0.0384(2) 0.0561(3) 0.0041(3) 0.0076(2) -0.0050(3)
tN/C3 0.042(2) 0.044(2) 0.044(2) 0.002(2) 0.007(2) 0.005(2)
Cl 0.036(2) 0.046(2) 0.038(2) -0.003(2) 0.005(2) 0.001(2)
C2 0.041(2) 0.033(2) 0.043(2) 0.001(2) 0.010(2) 0.001(2)
tN/C3 is a position half populated by N and half populated by C.
Table 5-17 Bond Distances and angles of 5.4a
Brl Cl 1.883(4) Cl C3 1.352(5)
Br2 C2 1.874(4) C2 N 1.363(5)
Cl C2 1.376(6) C2 C3 1.363(4)
Cl N 1.352(6)
Brl Cl C2 121.9(3) Br2 C2 N 117.3(3)
Brl Cl N 117.0(3) Cl C2 N 120.0(4)
C2 Cl N 121.1(3) Cl N C2 118.8(3)
Br2 C2 Cl 122.7(3) Cl C3 C2 118.8(2)
Table 5-18 Atomic coordinates of 5.4b
Atom X y z Beq
Brl 0.3330(2) 0.1458(2) 0.60237(9) 4.84(2)
Br2 0.0857(2) -0.1721(2) 0.27256(9) 4.37(2)
N 0.1696(9) 0.494(1) 0.4523(5) 3.0(1)
Cl 0.635(1) 0.146(1) 0.0436(7) 2.5(2)
C2 0.468(1) 0.139(1) 0.0921(7) _ 2 5(2)
Beq = ( 8 Tt^  /  3 ) <XjajUijaj*aj*ai <• aj
Table 5-19 Anisotropic displacement parameters of 5.4b
Uii U22 U33 U ,2 U.3 U23
Brl 0.0528(6) 0.0710(6) 0.0579(5) 0.0293(5) 0.0062(5) 0.0061(5)
Br2 0.0574(6) 0.0578(5) 0.0512(4) -0.0069(5) 0.0119(4) 0.0151(4)
N 0.035(4) 0.048(4) 0.031(3) 0.000(4) 0.007(3) -0.006(3)
Cl 0.027(4) 0.036(4) 0.029(3) -0.010(4) 0.000(3) 0.002(3)
C2 0.028(4) 0.038(4) 0.025(3) -0.001(4) -0.000(3) 0.001(3)
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Table 5-20 Bond distances and angles of 5.4b
Brl Cl 1.884(7) N C2 1.323(9)
Br2 C2 1.887(7) Cl C2 1.35(1)
N Cl 1.318(9)
Cl N C2 117.4(7) Br2 C2 N 115.4(6)
Brl Cl N 116.2(6) Br2 C2 Cl 123.5(5)
Brl Cl C2 122.3(5) N C2 Cl 121.1(7)
N Cl C2 121.5(7)
5.5 The structure of 6,6'-[[3,3',5,5'-tetrakis(l,l-dimethyIethyl)l,l'-biphenyI-
2,2'-diyl]bis(oxy)bis-dibenzo[d,f][l)3,2]-dioxaphosphepin.
The 6,6'-[[3,3',5,5'-tetrakis(l,I-dimethylethyl)l,r-biphenyl-2,2'-diyl]bis(oxy)bis- 
dibenzo[d,f][l,3,2]-dioxaphosphepin ligand, (ISO-44) (5.5a), is of interest to by the 
research group of Dr. George Stanley at Louisiana State University in its Rh complex for 
its catalytic properties in hydroformylation reactions.
CH
CHj, .CHj
CHj
5.5a
The structure solution was achieved by direct methods using Siemens SHELXTL 
PLUS program (PC version). Nonhydrogen atoms were refined anisotropically. 
However, the C42, C43, and C44 atoms are disordered and were only refined 
isotropically. The site-occupation-factor for C42, C43 and C44 are 0.68. Hydrogen
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atoms were assigned to calculated position, but no hydrogen atoms were assigned to 
C42, C43, C44, C50, C51, or C52 atoms. Convergence was achieved with R=0.084, 
wR=0.132, goodness-of-fit 0.75. The isolated molecule contains a pseudo 2-fold axis. 
Figure 5.6 is the ORTEP plot of ISO-44 (C52H56O6P2). Experimental details, atomic 
coordinates, and geometric parameters are listed in tables 5.21 to 5.24.
C21 C 2 0
/
Figure 5-6 Molecular structure of 6,6'-[[3,3',5,5'-tetrakis( 1,1 -dimethylethyl) 1,1'-
biphenyl-2,2'-diyl]bis(oxy)bis-dibenzo[d,f] [ 1,3,2]-dioxaphosphepin (5.5a) 
with displacement ellipsoids drawn at the 40% probability level. H atoms 
are drawn with arbitrary radii.
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Table 5-21 Experimental details of 6,6'-[[3,3',5,5'-tetrakis(l,l-dimethyIethyI)l,r-
biphenyI-2,2'-diyI]bis(oxy)bis-dibenzo[d,f][l,3,2]-dicxaphosphepin(5.5a).
Empirical formula CizHsgOgPz
Formula weight 851.95
Temperature 293(2)K
Wavelength 0.71073 Â
Crystal system Monoclinic
Space group P2i/c
Unit cell dimensions a = 19.669(4) Â alpha = 90 deg.
b = 11.970(2) A beta = 115.96(3) deg.
c = 22.202(4) A gamma = 90 deg.
Volume, Z 4700(2) A \ 4
Density (calculated) 1.204 Mg/m^
Absorption coefficient 0.142 mm'
F(OOO) 1820
Crystal size 0.5 xO.5 xO.4 mm
Theta range for data collection 1.15 to 24.98 deg.
Limiting indices 0'^~h“^—23, 0'^—k'^—14, -26*^ —1*^—23
Reflections collected 8504
Independent reflections 8257 [R(int) = 0.0151]
Refinement method Full-matrix least-squares on F
Data / restraints / parameters 8257 /O / 573
Goodness-of-fit on F 1.721
Final R indices [I>2o(I)] R1 = 0.0577, wR2 = 0.1352
R indices (all data) R1 =0.0903, wR2 = 0.1428
Largest diff. peak and hole 0.701 and -0.258 e.A
Table 5-22 Atomic coordinates (xlO"*) and equivalent isotropic displacement
parameters (Â^x 10^ ) for 5.5a. U(eq) is defined as one tWrd of the
trace of the orthogonalized Uij tensor.
Name X y z U(eq)
P(l) 2885(1) -2031(1) -73(1) 45(1)
P(2) 2179(1) 1785(1) 821(1) 41(1)
0(1) 2392(1) -2135(2) 354(1) 47(1)
0(2) 2413(2) -2878(2) -684(1) 50(1)
0(3) 2514(1) -835(2) -409(1) 44(1)
0(4) 2329(1) 474(2) 1044(1) 41(1)
0(5) 1537(1) 2110(2) 1066(1) 44(1)
0(6) 1637(1) 1514(2) 33(1) 45(1)
0(9) 5000 5000 5000 390(10)
C(l) 2244(2) -3184(3) 540(2) 44(1)
(table con’d)
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C(2) 2644(3) -3515(3) 1199(2) 5
C(3) 2443(3) -4493(3) 1410(2) 6
C(4) 1849(3) -5122(3) 965(2) 6
C(5) 1471(2) -4800(3) 304(2) 5
C(6) 1661(2) -3826(3) 73(2) 4
C(7) 1260(2) -3493(3) -638(2) 4
C(8) 478(2) -3672(3) -995(2) 6
C(9) 101(3) -3449(4) -1672(3) 7
C(10) 492(3) -3049(4) -2011(2) 8
C (ll) 1254(3) -2840(3) -1675(2) 6
C(12) 1629(2) -3046(3) -992(2) 4
C(13) 829(2) 1588(3) 861(2) 4
C(14) 698(2) 1062(3) 1353(2) 5
C(15) -15(3) 615(4) 1189(3) 7
C(16) -578(3) 718(4) 551(3) 6
C(17) -442(2) 1251(3) 69(2) 6
C(18) 274(2) 1711(3) 209(2) 4
C(19) 404(2) 2323(3) -307(2) 4
C(20) -169(2) 2997(4) -781(2) 6
C(21) -67(3) 3555(4) -1274(2) 7
C(22) 609(3) 3483(4) -1313(2) 6
C(23) 1186(2) 2822(3) -859(2) 5
C(24) 1075(2) 2254(3) -371(2) 4
C(25) 2871(2) 202(3) -300(2) 3
C(26) 2757(2) 859(3) -863(2) 3
C(27) 3070(2) 1927(3) -735(2) 43
C(28) 3475(2) 2369(3) -98(2) 44
C(29) 3585(2) 1679(3) 435(2) 43
C(30) 3288(2) 602(3) 348(2) 37
C(31) 3470(2) -76(3) 968(2) 37
C(32) 4134(2) -701(3) 1220(2) 45
C(33) 4368(2) -1311(3) 1807(2) 46
C(34) 3927(2) -1244(3) 2148(2) 44
C(35) 3258(2) -632(3) 1930(2) 37
C(36) 3033(2) -57(3) 1321(2) 35
C(37) 2301(2) 435(3) -1586(2) 46
C(38) 2688(2) -591(4) -1714(2) 63
C(39) 1487(2) 150(3) -1709(2) 56
C(40) 2242(3) 1328(4) -2109(2) 64
C(41) 3779(3) 3574(3) 22(2) 63
C(45) 2798(2) -624(3) 2341(2) 44
)le con’d)
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C(46) 2010(2) -1128(3) 1931(2) 55(1)
C(47) 2732(2) 580(3) 2551(2) 57(1)
C(48) 3179(3) -1309(4) 2986(2) 67(1)
C(49) 5085(2) -2043(4) 2056(2) 71(1)
C(50) 5237(15) -2814(27) 2649(12) 107(11)
C(51) 5774(12) -1400(22) 2241(19) 160(18)
C(52) 4913(9) -2952(15) 1481(9) 122(7)
C(50A) 4949(16) -3036(20) 2424(16) 151(14)
C(51A) 5712(8) -1234(23) 2585(11) 155(9)
C(52A) 5373(11) -2227(19) 1527(8) 125(7)
C(42) 3436(5) 4208(7) 439(4) 85(3)
C(43) 3636(5) 4212(7) -600(4) 85(3)
C(44) 4672(5) 3533(8) 489(4) 97(3)
C(42A) 4174(10) 3798(14) -457(8) 70(6)
C(43A) 3020(12) 4389(18) -438(11) 103(8)
C(44A) 4126(11) 3961(16) 708(10) 92(7)
Table 5-23 Bond distances, and angles of 5.5a.
P(l)-0(2) 1.621(3) C(27)-C(28) 1.389(5)
P(l)-0(3) 1.632(2) C(28)-C(29) 1.381(5)
P(l)-0(1) 1.631(3) C(28)-C(41) 1.539(5)
P(2)-0(5) 1.626(2) C(29)-C(30) 1.393(5)
P(2)-0(4) 1.632(2) C(30)-C(31) 1.499(4)
P(2)-0(6) 1.634(2) C(31)-C(32) 1.393(5)
0(1)-C(1) 1.392(4) C(31)-C(36) 1.393(4)
0(2)-C(12) 1.401(5) C(32)-C(33) 1.385(5)
0(3)-C(25) 1.394(4) C(33)-C(34) 1.382(5)
0(4)-C(36) 1.399(4) C(33)-C(49) 1.542(5)
0(5)-C(13) 1.407(4) C(34)-C(35) 1.395(5)
0(6)-C(24) 1.394(4) C(35)-C(36) 1.404(4)
C(l)-C(2) 1.382(5) C(35)-C(45) 1.540(5)
C(l)-C(6) 1.393(5) C(37)-C(39) 1.539(5)
C(2)-C(3) 1.382(5) C(37)-C(38) 1.536(5)
C(3)-C(4) 1.377(6) C(37)-C(40) 1.544(5)
C(4)-C(5) 1.378(6) C(41)-C(44A) 1.44(2)
C(5)-C(6) 1.389(5) C(41)-C(43) 1.494(9)
C(6)-C(7) 1.478(5) C(41)-C(42) 1.561(9)
C(7)-C(12) 1.388(5) C(41)-C(42A) 1.59(2)
C(7)-C(8) 1.403(5) C(41)-C(44) 1.602(10)
C(8)-C(9) 1.380(6) C(41)-C(43A) 1.70(2)
C(9)-C(10) 1.377(7) C(45)-C(48) 1.532(5)
(table con’d)
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C(10)-C(ll) 1.373(6
C(ll)-C(12) 1.389(5
C(13)-C(18) 1.388(5
C(13)-C(14) 1.379(5
C(14)-C(15) 1.392(6
C(15)-C(16) 1.369(6
C(16)-C(17) 1.371(6
C(17)-C(18) 1.413(5
C(18)-C(19) 1.473(5
C(19)-C(24) 1.389(5
C(19)-C(20) 1.412(5
C(20)-C(21) 1.370(6
C(21)-C(22) 1.374(6
C(22)-C(23) 1.388(5
C(23)-C(24) 1.375(5
C(25)-C(30) 1.393(5
C(25)-C(26) 1.409(4
C(26)-C(27) 1.393(5
C(26)-C(37) 1.543(5
0(2)-P(l)-0(l)
0(3)-P(l)-0(l)
0(5)-P(2)-0(4)
0(5)-P(2)-0(6)
0(4)-P(2)-0(6)
C(l)-0(1)-P(l)
C(12)-0(2)-P(l)
C(25)-0(3)-P(l)
C(36)-0(4)-P(2)
C(13)-0(5)-P(2)
C(24)-0(6)-P(2)
C(2)-C(l)-0(1)
C(2)-C(l)-C(6)
0(1)-C(1)-C(6)
C(l)-C(2)-C(3)
C(4)-C(3)-C(2)
C(3)-C(4)-C(5)
C(4)-C(5)-C(6)
C(5)-C(6)-C(l)
C(5)-C(6)-C(7)
C(l)-C(6)-C(7)
C(12)-C(7)-C(8)
C(45)-C(46)
C(45)-C(47)
C(49)-C(51)
C(49)-C(50)
C(49)-C(50A)
C(49)-C(52A)
C(49)-C(51A)
C(49)-C(52)
C(50)-C(50A)
C(51)-C(51A)
C(51)-C(52A)
C(52)-C(52A)
C(42)-C(44A)
C(42)-C(43A)
C(43)-C(42A)
C(43)-C(43A)
C(44)-C(44A)
C(44)-C(42A)
1.537(5)
1.537(5)
1.45(2)
1.53(2)
1.53(3)
1.53(2)
1.60(2)
1.60(2)
0.63(6)
0.85(4)
1.74(3)
1.22(2)
1.26(2)
1.76(2)
1.08(2)
1.42(2)
1.45(2)
1.92(2)
99.75(13)
94.14(13)
101.08(12)
99.57(13)
94.62(13)
119.7(2)
127.1(2)
127.7(2)
125.6(2)
126.1(2)
121.7(2)
118.5(3)
122.1(3)
119.2(3)
119.2(4)
119.9(4)
120.2(4)
121.4(4)
117.0(4)
121.1(3)
121.8(3)
117.0(4)
C(38)-C(37)-C(40)
C(39)-C(37)-C(26)
C(38)-C(37)-C(26)
C(40)-C(37)-C(26)
C(44A)-C(41)-C(43)
C(44A)-C(41)-C(28)
C(43)-C(41)-C(28)
C(44A)-C(41)-C(42)
C(43)-C(41)-C(42)
C(28)-C(41)-C(42)
C(44A)-C(41)-C(42A)
C(43)-C(41)-C(42A)
C(28)-C(41)-C(42A)
C(42)-C(41)-C(42A)
C(44A)-C(41)-C(44)
C(43)-C(41)-C(44)
C(28)-C(41)-C(44)
C(42)-C(41)-C(44)
C(42A)-C(41)-C(44)
C(44A)-C(41)-C(43A)
C(43)-C(41)-C(43A)
C(28)-C(41)-C(43A)
107.2(3) 
110.1(3) 
110.2(3) 
111.9(3) 
128.4(9) 
116.8(8)
114.6(4) 
49.2(8) 
110.2(5) 
108.8(4) 
20.5(10) 
40.9(6) 
107.9(7) 
141.2(8) 
56.6(8) 
108.9(5) 
108.4(5) 
105.5(5) 
73.7(7) 
109.5(11) 
52.5(7) 
105.2(8) 
(table con’d)
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C(12)-C(7)-C(6) 122.7(3) C(42)-C(41)-C(43A) 65.3(8)
C(8)-C(7)-C(6) 120.2(4) C(42A)-C(41)-C(43A) 93.4(10)
C(9)-C(8)-C(7) 121.3(4) C(44)-C(41)-C(43A) 146.3(8)
C(10)-C(9)-C(8) 120.0(4) C(48)-C(45)-C(46) 107.3(3)
C(9)-C(10)-C(ll) 120.3(4) C(48)-C(45)-C(35) 112.1(3)
C(10)-C(ll)-C(12) 119.5(5) C(46)-C(45)-C(35) 110.4(3)
C(ll)-C(12)-C(7) 121.8(4) C(48)-C(45)-C(47) 106.8(3)
C(ll)-C(12)-0(2) 116.9(4) C(46)-C(45)-C(47) 110.5(3)
C(7)-C(12)-0(2) 121.0(3) C(35)-C(45)-C(47) 109.6(3)
C(18)-C(13)-C(14) 122.6(3) C(51)-C(49)-C(50) 106(2)
C(18)-C(13)-0(5) 120.4(3) C(51)-C(49)-C(50A) 128(2)
C(14)-C(13)-0(5) 116.7(3) C(50)-C(49)-C(50A) 24(2)
C(13)-C(14)-C(15) 119.1(4) C(51)-C(49)-C(52A) 71.3(14)
C(16)-C(15)-C(14) 120.1(4) C(50)-C(49)-C(52A) 125.3(12)
C(15)-C(16)-C(17) 120.2(4) C(50A)-C(49)-C(52A) 121(2)
C(16)-C(17)-C(18) 121.8(4) C(51)-C(49)-C(33) 113.2(10)
C(13)-C(18)-C(17) 116.2(4) C(50)-C(49)-C(33) 117.1(10)
C(13)-C(18)-C(19) 122.5(3) C(50A)-C(49)-C(33) 106.7(10)
C(17)-C(18)-C(19) 121.2(4) C(52A)-C(49)-C(33) 113.3(6)
C(24)-C(19)-C(20) 116.2(4) C(51)-C(49)-C(51A) 32(2)
C(24)-C(19)-C(18) 123.1(3) C(50)-C(49)-C(51A) 86(2)
C(20)-C(19)-C(18) 120.6(4) C(50A)-C(49)-C(51A) 110(2)
C(21)-C(20)-C(19) 121.7(4) C(52A)-C(49)-C(51A) 103.0(11)
C(20)-C(21)-C(22) 120.3(4) C(33)-C(49)-C(51A) 102.0(7)
C(21)-C(22)-C(23) 119.7(4) C(51)-C(49)-C(52) 115.5(14)
C(22)-C(23)-C(24) 119.6(4) C(50)-C(49)-C(52) 99.9(14)
C(23)-C(24)-C(19) 122.4(4) C(50A)-C(49)-C(52) 83(2)
C(23)-C(24)-0(6) 117.8(3) C(52A)-C(49)-C(52) 46.1(9)
C(19)-C(24)-0(6) 119.6(3) C(33)-C(49)-C(52) 105.1(6)
C(30)-C(25)-O(3) 120.6(3) C(51A)-C(49)-C(52) 145.4(9)
C(30)-C(25)-C(26) 121.2(3) C(50A)-C(50)-C(49) 79(4)
0(3)-C(25)-C(26) 118.1(3) C(51A)-C(51)-C(49) 84(3)
C(25)-C(26)-C(27) 116.5(3) C(51A)-C(51)-C(52A) 140(3)
C(25)-C(26)-C(37) 122.2(3) C(49)-C(51)-C(52A) 56.3(12)
C(27)-C(26)-C(37) 121.2(3) C(52A)-C(52)-C(49) 64.0(11)
C(28)-C(27)-C(26) 124.2(3) C(50)-C(50A)-C(49) 78(4)
C(27)-C(28)-C(29) 116.7(3) C(51)-C(51A)-C(49) 64(3)
C(27)-C(28)-C(41) 122.6(3) C(52)-C(52A)-C(49) 69.9(14)
C(29)-C(28)-C(41) 120.6(3) C(52)-C(52A)-C(51) 120(2)
C(28)-C(29)-C(30) 122.4(3) C(49)-C(52A)-C(51) 52.4(8)
C(25)-C(30)-C(29) 118.8(3) C(44A)-C(42)-C(41) 60.6(10)
(table con’d)
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C(25)-C(30)-C(31) 123.9(3) C(44A)-C(42)-C(43A) 15.8(13)
C(29)-C(30)-C(31) 117.2(3) C(41)-C(42)-C(43A) 61.1(8)
C(32)-C(31)-C(36) 118.9(3) C(42A)-C(43)-C(43A) 146(2)
C(32)-C(31)-C(30) 117.7(3) C(42A)-C(43)-C(41) 74.3(10)
C(36)-C(31)-C(30) 123.3(3) C(43A)-C(43)-C(41) 71.2(10)
C(33)-C(32)-C(31) 121.9(3) C(44A)-C(44)-C(41) 56.2(8)
C(34)-C(33)-C(32) 117.1(3) C(44A)-C(44)-C(42A) 102.1(11)
C(34)-C(33)-C(49) 122.1(3) C(41)-C(44)-C(42A) 52.8(6)
C(32)-C(33)-C(49) 120.9(3) C(43)-C(42A)-C(41) 64.7(10)
C(33)-C(34)-C(35) 124.3(3) C(43)-C(42A)-C(44) 11.3(13)
C(34)-C(35)-C(36) 116.3(3) C(41)-C(42A)-C(44) 53.4(6)
C(34)-C(35)-C(45) 120.4(3) C(43)-C(43A)-C(41) 56.3(9)
C(36)-C(35)-C(45) 123.2(3) C(43)-C(43A)-C(42) 103.1(13)
0(4)-C(36)-C(35) 118.6(3) C(41)-C(43A)-C(42) 53.5(7)
0(4)-C(36)-C(31) 119.7(3) C(42)-C(44A)-C(41) 70.2(11)
C(35)-C(36)-C(31) 121.5(3) C(42)-C(44A)-C(44) 137(2)
C(39)-C(37)-C(38) 110.5(3) C(41)-C(44A)-C(44) 67.2(9)
C(39)-C(37)-C(40) 106.8(3)
Table 5-24 Anisotropic displacement parameters (Â  ^x 10 )^ for 5.5a.
Atom u „ U22 U33 U23 U,3 U.2
P(l) 48(1) 44(1) 42(1) 2(1) 19(1) 2(1)
P(2) 39(1) 38(1) 45(1) 1(1) 19(1) -2(1)
0(1) 65(2) 36(1) 43(1) -2(1) 27(1) -9(1)
0(2) 59(2) 48(2) 47(1) -6(1) 26(1) 0(1)
0(3) 44(1) 40(1) 40(1) 7(1) 12(1) -4(1)
0(4) 36(1) 42(1) 44(1) 7(1) 17(1) 2(1)
0(5) 41(1) 42(1) 50(1) -5(1) 21(1) -3(1)
0(6) 45(1) 47(2) 42(1) 4(1) 18(1) 11(1)
0(9) 334(18) 573(24) 451(25) -72(20) 344(20) -54(17)
0(1) 61(2) 33(2) 44(2) -2(2) 28(2) -3(2)
0(2) 75(3) 50(2) 42(2) -1(2) 25(2) -4(2)
0(3) 106(4) 48(2) 49(2) 9(2) 39(3) 4(3)
0(4) 114(4) 36(2) 71(3) 0(2) 57(3) -8(2)
0(5) 79(3) 39(2) 62(3) -9(2) 38(2) -11(2)
0(6) 57(2) 34(2) 49(2) -5(2) 27(2) 0(2)
0(7) 55(2) 34(2) 48(2) -8(2) 18(2) -1(2)
0(8) 63(3) 45(2) 76(3) -10(2) 24(2) -5(2)
0(9) 64(3) 61(3) 75(3) -10(3) -1(3) 1(2)
0(10) 95(4) 63(3) 51(3) -3(2) 1(3) -1(3)
(table con’d)
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C (ll) 87(3) 53(3) 44(2) -4(2) 20(2) -3(2)
C(12) 63(3) 37(2) 43(2) -6(2) 19(2) 3(2)
C(13) 38(2) 39(2) 63(2) -7(2) 26(2) -1(2)
C(14) 54(2) 55(2) 74(3) 3(2) 38(2) 6(2)
C(15) 69(3) 56(3) 108(4) 6(3) 59(3) 1(2)
C(16) 56(3) 49(3) 113(4) -14(3) 49(3) -10(2)
C(17) 43(2) 52(2) 83(3) -20(2) 23(2) 1(2)
C(18) 41(2) 37(2) 63(2) -9(2) 22(2) 2(2)
C(19) 43(2) 40(2) 50(2) -8(2) 12(2) 5(2)
C(20) 49(2) 55(3) 65(3) -10(2) 9(2) 11(2)
C(21) 73(3) 61(3) 52(3) 0(2) 4(2) 20(2)
C(22) 89(3) 56(3) 47(2) 7(2) 20(2) 12(2)
C(23) 67(3) 50(2) 43(2) 2(2) 21(2) 9(2)
C(24) 48(2) 37(2) 42(2) 0(2) 13(2) 6(2)
C(25) 33(2) 41(2) 38(2) 5(2) 17(2) 2(2)
C(26) 35(2) 46(2) 34(2) 4(2) 17(2) 2(2)
C(27) 49(2) 47(2) 38(2) 8(2) 24(2) -1(2)
C(28) 48(2) 47(2) 41(2) 1(2) 22(2) -8(2)
C(29) 43(2) 50(2) 36(2) -1(2) 17(2) -8(2)
C(30) 31(2) 47(2) 34(2) 5(2) 16(2) 1(2)
C(31) 34(2) 43(2) 30(2) 1(2) 11(1) -4(2)
C(32) 37(2) 59(2) 37(2) 3(2) 15(2) 3(2)
C(33) 38(2) 57(2) 35(2) 4(2) 8(2) 8(2)
C(34) 44(2) 52(2) 29(2) 6(2) 9(2) 2(2)
C(35) 38(2) 38(2) 31(2) -1(2) 12(2) -5(2)
C(36) 33(2) 35(2) 32(2) 0(1) 10(1) -1(2)
C(37) 54(2) 51(2) 32(2) 2(2) 18(2) -1(2)
C(38) 80(3) 68(3) 49(2) -5(2) 37(2) 4(2)
C(39) 50(2) 63(3) 42(2) 0(2) 9(2) -6(2)
C(40) 78(3) 73(3) 36(2) 9(2) 21(2) -6(2)
C(41) 82(3) 54(2) 54(3) 2(2) 31(2) -24(2)
C(45) 48(2) 52(2) 37(2) 2(2) 22(2) -3(2)
C(46) 57(2) 54(2) 61(3) 0(2) 34(2) -9(2)
C(47) 65(3) 65(3) 44(2) -10(2) 27(2) -5(2)
C(48) 73(3) 88(3) 47(2) 17(2) 32(2) 5(3)
C(49) 58(3) 94(3) 56(3) 23(2) 21(2) 35(3)
C(50) 60(15) 175(27) 76(10) 64(13) 21(11) 52(15)
C(51) 46(11) 68(19) 360(52) 14(25) 82(22) -1(11)
C(S2) 106(12) 138(14) 95(11) -19(11) 19(10) 83(10)
C(50A) 64(15) 95(12) 270(36) 113(18) 50(19) 63(12)
C(51A) 30(7) 218(17) 144(15) -63(13) -29(9) 54(9)
C(52A) 109(15) 198(18) 90(11) 47(11) 65(11) 112(12)
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5.6 The structure of 2-(S-Chloro-2-nitrophenylsulfanyl)>benzoyl chloride
The crystal structure of title compound(5.6a) was determined. Intensity data
were collected as noted in chapter 3.1. Standard reflections did not decrease
significantly during data collection. The structure was solved by direct methods using
MULTAN. Nonhydrogen atoms were refined anisotropically, while hydrogen atoms
were located fi'om the difference map and refined isotropically. Figure 5.7 shows the
molecular structure of 5.6a. Experimental details, atomic coordinates, bond distances
and angles, as well as anisotropic displacement parameters are in tables 5.25 to 5.28.
oII
CCI
5.6a
CL2
C6
C2
C3
C12 Cl
03
07CLl 04O il
N1 05
N208
OlO
09
02
Figure 5-7 Molecular structure o f 2-(5-Chloro-2-nitrophenylsulfanyl)-benzoyl
chloride (5.6a) with displacement ellipsoids drawn at the 40% probability 
level. H atoms are drawn with arbitrary radii.
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Table 5-25 Experiment details of of 2-(5-Chloro-2-nltrophenylsulfanyl)-benzoyl
chloride (5.6a).
CRYSTAL DATA:
Empirical formula: C12H6CI2N2O3S
Formula weight: 329.16
Crystal system: Monoclinic
Space group: P2i/c
Unit cell dimensions: a=  11.8721(7) A 
b = 15.406(2) A 
c = 7.1392(5) A 
alpha = 90 deg. 
beta = 95.361(5) deg. 
gamma = 90 deg.
Volume, Z: 1300.1(3) A^ 4.00
Density (calculated); 1 . 6 8  Mg/m^
Crystal color: pale yellow
Crystal shape: irregular fragment
Absorption coefficient: 6.157 mm'
F(OOO): 664
Crystal size: 0.50 X 0.45 X 0.25 mm
Temperature: 297 K
Radiation: Cu-Ka
Wavelength: 1.54184 A
Theta range for lattice parameters: 12-29 deg.
No. of reflections for lattice parameters: 25 
DATA COLLECTION:
Theta max.: 74.92 deg.
No. of standard reflections: 3
Limiting indices: h: -14 -14, k: 0 -19,1: 0 -8
Reflections collected: 2995
Independent reflections: 2675 [R(int) = 0.030]
Observed reflections: 2421
Criterion for observed: I>3.0a(I)
Max. and min. transmission: 0.9983 and 0.5076
Intensity decay: -1.55
REFINEMENT:
Refinement method: F
No. of reflections used in refinement: 2421
No. of parameters refined: 206
Goodness-of-fit: 3.662
Final R indices: R = 0.045, wR = 0.062
Extinction coefficient: 0.000005
(Delta/sigma)max.: 0.000
Largest diff. peak and hole:__________ 0.4100 and -0.4489 e.A'^
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Table 5-26 Atomic coordinates of 5.6a
X y z Bcq(A')
Cll -0.06382(7) 0.17044(6) -0.3340(1) 5.57(2)
CI2 0.72033(6) 0.15742(6) 0.2994(2) 6.38(2)
S 0.32537(5) 0.17149(4) 0.09857(9) 3.43(1)
01 0.5435(2) 0.2221(1) 0.1239(3) 5.35(5)
02 0.1399(2) 0.0269(1) 0.4983(3) 5.28(4)
03 0.2455(2) 0.1390(1) 0.4797(3) 4.60(4)
N1 0.3359(2) 0.0041(1) 0.1926(3) 3.34(4)
N2 0.1728(2) 0.0888(1) 0.4130(3) 3.51(4)
Cl 0.3968(2) 0.0758(1) 0.1773(3) 2.87(4)
C2 0.5157(2) 0.0767(2) 0.2183(3) 2.98(4)
C3 0.5688(2) -0.0009(2) 0.2727(3) 3.52(5)
C4 0.5059(2) -0.0749(2) 0.2864(3) 3.73(5)
C5 0.3905(2) -0.0690(2) 0.2480(4) 3.58(5)
C6 0.5783(2) 0.1580(2) 0.1989(4) 3.63(5)
C l 0.1817(2) 0.1397(1) 0.0809(3) 3.00(4)
C8 0.1199(2) 0.1054(2) 0.2228(3) 3.10(4)
C9 0.0062(2) 0.0865(2) 0.1902(4) 3.72(5)
CIO -0.0518(2) 0.1057(2) 0.0182(4) 4.08(5)
C ll 0.0071(2) 0.1425(2) -0.1192(4) 3.66(5)
C12 0.1223(2) 0.1577(2) -0.0905(3) 3.43(5)
H3 0.643(2) 0.002(2) 0.301(3) 3.5(5)*
H4 0.539(2) -0.131(2) 0.319(4) 4.9(7)*
H5 0.343(2) -0.118(2) 0.269(3) 4.2(6)*
H9 -0.027(2) 0.064(2) 0.278(3) 3.6(6)*
m o -0.134(2) 0.090(2) -0.002(4) 4.5(6)*
H12 0.161(2) 0.180(2) -0.198(4) 4.0(6)*
Beq = ( 8 7t^  / 3 ) i:iIjUjjai*aj*ia/.fiÿ
Table 5-27 Bond distances, angles, and torion angles of 5.6a
C12 C6 1.770(2) C2 C6 1.469(3)
S Cl 1.765(2) C3 C4 1.372(4)
S C7 1.767(2) C4 C5 1.376(4)
01 C6 1.180(3) C l C8 1.408(3)
02 N2 1.216(3) C l C12 1.382(3)
03 N2 1.221(3) C8 C9 1.379(3)
N1 Cl 1.331(3) C9 CIO 1.382(4)
N1 C5 1.340(3) CIO C ll 1.380(4)
N2 C8 1.465(3) C ll C12 1.384(4)
Cl C2 1.415(3)
Cl S Cl 102.9(1) C12 C6 C2 115.4(2)
Cl N1 C5 118.1(2) 01 C6 C2 126.7(2)
(table con’d)
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02 N2 03 123.4(2) S Cl C8 128.1(2)
02 N2 C8 118.1(2) S Cl C12 114.6(2)
03 N2 C8 118.5(2) C8 Cl C12 117.0(2)
S Cl N1 118.1(2) N2 C8 Cl 121.6(2)
s Cl C2 119.9(2) N2 C8 C9 116.6(2)
N1 Cl C2 122.0(2) C l  C8 C9 121.7(2)
Cl C2 C3 117.9(2) C8 C9 CIO 120.2(2)
Cl C2 C6 119.5(2) C9 CIO C ll 118.4(2)
C3 C2 C6 122.6(2) Cll C ll CIO 119.7(2)
C2 C3 C4 120.0(2) Cll C ll C12 118.8(2)
C3 C4 CS 118.0(2) CIO C ll C12 121.6(2)
N1 C5 C4 124.1(2) C l  C12 C ll 120.9(2)
C12 C6 01 117.9(2)
C7 S Cl N1 4.6(2)
C7 S Cl C2 -176.7(2)
Cl S Cl C8 57.5 (2)
Cl S Cl C12 -128.1(2)
C5 N1 Cl S 178.4(2)
C5 N1 Cl C2 -0.3 (3)
Cl N1 C5 C4 -1.4(4)
02 N2 C8 C l -145.8 (2)
02 N2 C8 C9 34.8 (3)
03 N2 C8 C l 36.1(3)
03 N2 C8 C9 -143.3 (2)
S Cl C2 C3 -177.5 (2)
s Cl C2 C6 1.4(3)
N1 Cl C2 C3 1.2(3)
N1 Cl C2 C6 -180.0(3)
Cl C2 C3 C4 -0.5 (3)
C6 C2 C3 C4 -179.3 (2)
Cl C2 C6 C12 167.4 (2)
Cl C2 C6 01 -12.8(4)
C3 C2 C6 C12 -13.8(3)
C3 C2 C6 01 166.0(3)
C2 C3 C4 CS -1.0(4)
C3 C4 C5 N1 2.1(4)
S C7 C8 N2 -2.0(3)
s Cl C8 C9 177.4(2)
C12 Cl C8 N2 -176.3(2)
C12 Cl C8 C9 3.1(3)
S Cl C12 C ll -175.0(2)
C8 Cl C12 C ll 0.1(4)
(table con’d)
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
106
N2 C8 C9 CIO 175.7(2)
C7 C8 C9 CIO -3.7(4)
C8 C9 CIO C ll 1.0(4)
C9 CIO C ll Cll -178.1(2)
C9 CIO C ll C12 2.2 (4)
Cll C ll C12 C7 177.5 (2)
CIO C ll C12 C7 -2.8 (4)
Table 5-28 Anisotropic displacement parameters of 5.6a
Uii U22 U33 U12 U,3 U23
Cll 0.0723(4) 0.0729(5) 0.0613(4) 0.0133(4) -0.0208(3) -0.0014(4)
C12 0.0440(3) 0.0790(5) 0.1165(7) -0.0107(4) -0.0073(4) 0.0065(5)
S 0.0381(3) 0.0314(2) 0.0611(3) 0.0011(2) 0.0069(2) 0.0105(2)
01 0.052(1) 0.0400(9) 0.110(2) -0.0069(9) 0.004(1) 0.014(1)
02 0.073(1) 0.063(1) 0.066(1) -0.007(1) 0.011(1) 0.0252(9)
03 0.068(1) 0.056(1) 0.050(1) -0.008(1) -0.0041(9) -0.0026(9)
N1 0.0449(9) 0.0312(8) 0.052(1) -0.0001(8) 0.0091(8) 0.0021(8)
N2 0.048(1) 0.040(1) 0.047(1) 0.0052(9) 0.0092(8) 0.0032(9)
Cl 0.041(1) 0.0313(9) 0.037(1) 0.0021(9) 0.0078(8) 0.0013(9)
C2 0.041(1) 0.035(1) 0.038(1) 0.0020(9) 0.0078(9) -0.0008(9)
C3 0.044(1) 0.045(1) 0.045(1) 0.010(1) 0.005(1) 0.001(1)
C4 0.059(1) 0.035(1) 0.048(1) 0.012(1) 0.007(1) 0.004(1)
C5 0.055(1) 0.030(1) 0.053(1) 0.001(1) 0.012(1) 0.003(1)
C6 0.039(1) 0.045(1) 0.055(1) -0.001(1) 0.007(1) -0.005(1)
C7 0.039(1) 0.0294(9) 0.046(1) 0.0035(9) 0.0068(9) 0.0004(9)
C8 0.043(1) 0.032(1) 0.042(1) 0.0034(9) 0.0050(9) -0.0006(9)
C9 0.042(1) 0.044(1) 0.057(1) -0.003(1) 0.014(1) -0.001(1)
CIO 0.040(1) 0.048(1) 0.066(1) 0.001(1) 0.002(1) -0.010(1)
C ll 0.050(1) 0.038(1) 0.049(1) 0.007(1) -0.005(1) -0.007(1)
C12 0.047(1) 0.037(1) 0.046(1) 0.005(1) 0.006(1) 0.001(1)
The form of the anisotropic displacement factor is:
exp [-2n^ { h^a*^Uii + k^h*^\522 + l^c*^!]]] + 2( hka*b*Ui2  + hla*c*Ui3  + 
k lb * c * U 2 3  )} ]
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5.7 The structure of 3,4-bis(Phenylethyl)-2,5-bis(trimethylsilylethynyl) 
thiophene
The crystal structure of the title compound( 5.7a) was determined. The intensity 
data collection procedure is noted in chapter 3.1.
5.7a
The title compound can be described by three different planes, the thiophene ring (plane 
1), phenyl ring Cl 7/Cl 8/Cl 9/C20/C21/C22 (plane 2) and phenyl ring 
C25/C26/C27/C28/C29/C30 (plane 3). The dihedral angles between these rings are 1- 
2: 12.42(4)°, 1-3: 14.42(4)° and 2-3: 13.02(4)°. The molecular structure of 5.7a is 
given in figure 5.8; experimental details, atomic coordinates, bond distances and angles 
are listed in tables 5.29 to 5.32.
C28
Figure 5-8 Molecular structure of 3,4-bis(Phenylethyl)-2,5-bis(trimethylsilylethynyl)
thiophene (5.7a), the displacement ellipsoids are drawn at 40% level. 
Hydrogen atoms are drawn at arbitrary radii.
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Table 5-29 Experimental details of 3,4-bis(Phenylethyl)-2,5-bis(trimethylsilylethynyl) 
thiophene (5.7a).
CRYSTAL DATA:
Empirical formula; C30 H28 S Siz
Formula weight: 476.79
Crystal system: Monoclinic
Space group: P 1 21/c 1
Unit cell dimensions: a = 20.928(2) Â
b = 5.8524(5) A 
c = 23.907(2) A 
alpha = 90.000(7) deg. 
beta= 100.245(6) deg. 
gamma = 90.000(7) deg.
Volume, Z: 2881.4(7) A \ 4.00 
Density (calculated) : 1.10 Mg/m^
Crystal color: pale yellow 
Crystal shape: irregular fragment 
Absorption coefiBcient: 1.883 mm '
F(OOO): 1008
Crystal size: 0.50 x 0.25 x 0.25 mm
Temperature: 299 K
Radiation: Cu-Ka
Wavelength: 1.54184 A
Theta range for lattice parameters: 6-25 deg.
No. of reflections for lattice parameters 25 
DATA COLLECTION:
Theta max.: 69.92 deg.
No. of standard reflections: 3
Limiting indices: h: 0 - 25, k: 0-6,1: -29 - 28
Reflections collected: 5968
Independent reflections: 5394 [R(int) = 0.000]
Observed reflections: 3186 
Criterion for observed: I>3 .Oo(I)
Max. and min. transmission: 0.9996 and 0.8488 
Intensity decay: 1.00 
REFINEMENT:
Refinement method: F
No. of reflections used in refinement: 3186
No. of parameters refined: 299
Goodness-of-fit 2.294
Final R indices: R = 0.049, wR = 0.055
Extinction coefficient: 0.000001
(Delta/sigma)max.: 0.001
Largest diff peak and hole: 0.1910 and -0.0808 e.A'^ ____________________
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Table 5-30 Atomic coordinates of 5.7a
X y z Beq(A")
s 0.12204(4) 0.3421(2) 0.49115(3) 6.07(2)
Sil 0.22497(5) -0.3030(2) 0.36091(4) 6.57(2)
Si2 0.04753(5) 1.0274(2) 0.63045(4) 6.14(2)
Cl 0.2435(1) 0.2902(6) 0.5318(1) 5.20(7)
C2 0.2219(1) 0.4795(5) 0.5622(1) 5.23(7)
C3 0.1570(1) 0.5252(5) 0.5447(1) 5.32(7)
C4 0.1946(1) 0.2017(5) 0.4921(1) 5.25(7)
CS 0.2003(2) 0.0255(6) 0.4519(1) 5.85(8)
C6 0.2071(2) -0.1129(6) 0.4167(1) 6.25(8)
C7 0.1195(2) 0.6908(6) 0.5677(1) 5.79(8)
C8 0.0893(2) 0.8269(6) 0.5901(1) 6.34(9)
C9 0.2969(2) -0.4756(8) 0.3910(2) 10.2(1)
CIO 0.1547(2) -0.4875(7) 0 .3 3 6 5 (2 ) 9.2(1)
C ll 0.2427(2) -0.1213(8) 0.3031(2) 13.1(2)
C12 0.1099(2) 1.2078(7) 0.6730(1) 7.8(1)
C13 -0.0106(2) 1.2000(7) 0.5803(2) 8.4(1)
C14 0.0064(2) 0.8560(8) 0.6781(2) 11.1(1)
CIS 0.3094(1) 0.2059(6) 0.5423(1) 5.44(8)
C16 0.3611(2) 0.1363(6) 0.5533(1) 5.96(8)
C17 0.4267(2) 0.0502(6) 0.5674(1) 5.76(8)
CIS 0.4736(2) 0.1755(7) 0.6012(1) 7.6(1)
C19 0 .5 3 6 6 (2 ) 0.1028(8) 0.6133(2) 9.3(1)
C20 0.5535(2) -0.0970(8) 0.5919(2) 9.3(1)
C21 0.5081(2) -0.2283(7) 0.5599(2) 9.2(1)
C22 0.4444(2) -0.1571(7) 0.5473(2) 7.8(1)
C23 0.2628(1) 0 .6 0 9 0 (5 ) 0.6058(1) 5.23(7)
C24 0 .2 9 5 3 (2 ) 0.7140(6) 0.6385(1) 5.72(8)
C25 0.3359(1) 0.8531(6) 0.6815(1) 5 .6 0 (8 )
C26 0.3963(2) 0.7823(6) 0.7071(1) 6.92(9)
C27 0 .4 3 3 6 (2 ) 0.9125(8) 0.7477(2) 8.9(1)
C28 0.4102(2) 1.1153(7) 0.7637(2) 9.2(1)
C29 0.3508(2) 1.1902(7) 0.7383(2) 8.7(1)
C30 0.3130(2) 1.0624(6) 0.6973(1) 7.2(1)
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Table 5-31 Bond distances and angles of 5.7a
s C3 1.729(3) C7 C8 1.200(5)
s C4 1.723(3) CIS C16 1.142(4)
Sil C6 1.826(3) C16 C17 1.445(4)
Sil C9 1.849(4) C17 C18 1.369(4)
Sil CIO 1.834(4) C17 C22 1.380(5)
Sil C ll 1.834(5) C18 C19 1.367(5)
Si2 C8 1.836(4) C19 C20 1.349(6)
Si2 C12 1.839(4) C20 C21 1.349(5)
Si2 C13 1.849(4) C21 C22 1.377(5)
Si2 CM 1.842(5) C23 C24 1.125(4)
Cl C2 1.440(4) C24 C25 1.459(4)
Cl C4 1.368(4) C25 C26 1.367(4)
Cl CIS 1.444(4) C25 C30 1.391(5)
C2 C3 1.375(4) C26 C27 1.366(5)
C2 C23 1.440(4) C27 C28 1.364(6)
C3 C7 1.418(4) C28 C29 1.356(5)
C4 C5 1.430(4) C29 C30 1.367(5)
C5 C6 1.195(5)
C3 S C4 91.7(1) S C4 Cl 112.2(2)
C6 Sil C9 107.9(2) S C4 CS 120.9(2)
C6 Sil CIO 109.5(2) Cl C4 C5 126.8(3)
C6 Sil C ll 107.0(2) C4 C5 C6 176.1(4)
C9 Sil CIO 110.7(2) Sil C6 C5 173.4(3)
C9 Sil C ll 110.5(2) C3 C l C8 176.5(3)
CIO Sil C ll 111.1(2) Si2 C8 C7 174.8(3)
C8 Si2 C12 107.5(2) Cl CIS C16 176.6(3)
C8 Si2 C13 109.2(2) CIS C16 C17 179.5(3)
C8 Si2 CM 107.2(2) C16 C17 C18 120.2(3)
C12 Si2 C13 111.5(2) C16 C17 C22 121.9(3)
C12 Si2 CM 109.5(2) C18 C17 C22 117.9(3)
C13 Si2 CM 111.8(2) C17 C18 C19 121.5(4)
C2 Cl C4 112.2(3) C18 C19 C20 119.9(4)
C2 Cl CIS 123.4(2) C19 C20 C21 120.2(4)
C4 Cl CIS 124.4(3) C20 C21 C22 120.6(4)
Cl C2 C3 112.2(2) C17 C22 C21 120.0(3)
Cl C2 C23 124.8(3) C2 C23 C24 177.8(3)
C3 C2 C23 123.0(3) C23 C24 C25 178.4(4)
S C3 C2 111.7(2) C24 C25 C26 121.4(3)
s C3 C7 121.4(2) C24 C25 C30 119.9(3)
C2 C3 C7 126.9(3) C26 C25 C30 118.7(3)
C25 C26 C27 121.0(3) C28 C29 C30 120.7(4)
C26 C27 C28 119.8(3) C25 C30 C29 119.6(3)
C27 C28 C29 120.2(3)
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
I l l
Table 5-32 Anisotropic displacement parameters of 5.7a.
Atoms U i i U 22 U33 U12 U l 3 U23
S 0.0733(5) 0.0841(6) 0.0735(4) 0.0078(5) 0.0143(4) -0.0161(5)
Sil 0.1007(6) 0.0728(6) 0.0853(5) 0.0006(6) 0.0413(4) -0.0144(5)
Si2 0.0849(6) 0.0721(6) 0.0809(5) 0.0050(6) 0.0278(4) -0.0117(5)
Cl 0.071(2) 0.070(2) 0.059(2) 0.003(2) 0.020(1) 0.004(2)
C2 0.075(2) 0.068(2) 0.058(2) 0.004(2) 0.017(1) 0.003(2)
C3 0.079(2) 0.066(2) 0.060(2) 0.007(2) 0.020(1) -0.005(2)
C4 0.071(2) 0.066(2) 0.065(2) 0.007(2) 0.019(1) -0.004(2)
C5 0.073(2) 0.077(2) 0.074(2) 0.003(2) 0.020(1) -0.006(2)
C6 0.085(2) 0.080(2) 0.077(2) 0.004(2) 0.026(2) -0.013(2)
C7 0.081(2) 0.073(2) 0.069(2) 0.004(2) 0.021(1) -0.004(2)
C8 0.086(2) 0.083(2) 0.075(2) 0.010(2) 0.021(2) -0.005(2)
C9 0.102(3) 0.128(4) 0.164(3) 0.022(3) 0.042(2) -0.018(3)
CIO 0.134(3) 0.115(3) 0.099(2) -0.006(3) 0.014(2) -0.029(3)
C ll 0.291(5) 0.104(4) 0.136(3) 0.005(4) 0.130(2) 0.004(3)
C12 0.116(3) 0.095(3) 0.083(2) -0.003(3) 0.006(2) -0.006(2)
C13 0.074(2) 0.114(3) 0.128(3) 0.020(2) 0.010(2) -0.014(3)
C14 0.177(3) 0.120(4) 0.149(3) -0.025(3) 0.094(2) -0.014(3)
CIS 0.078(2) 0.067(2) 0.061(2) 0.004(2) 0.011(2) 0.003(2)
C16 0.081(2) 0.081(2) 0.066(2) 0.000(2) 0.016(2) 0.004(2)
C17 0.076(2) 0.079(2) 0.065(2) 0.008(2) 0.014(2) 0.009(2)
CIS 0.082(2) 0.103(3) 0.102(2) 0.013(2) 0.018(2) -0.011(2)
C19 0.093(3) 0.143(4) 0.114(3) 0.008(3) 0.007(2) -0.015(3)
C20 0.100(3) 0.149(4) 0.105(3) 0.045(3) 0.023(2) 0.026(3)
C21 0.127(3) 0.100(3) 0.121(3) 0.040(3) 0.019(2) 0.003(3)
C22 0.100(3) 0.090(3) 0.103(2) 0.018(2) 0.008(2) -0.004(2)
C23 0.073(2) 0.064(2) 0.062(2) -0.001(2) 0.012(1) 0.000(2)
C24 0.080(2) 0.070(2) 0.069(2) 0.002(2) 0.017(2) 0.002(2)
C25 0.079(2) 0.070(2) 0.066(2) -0.002(2) 0.020(1) 0.003(2)
C26 0.088(2) 0.082(3) 0.090(2) -0.001(2) 0.011(2) -0.012(2)
C27 0.095(3) 0.136(4) 0.102(3) -0.010(3) 0.001(2) -0.014(3)
C28 0.133(3) 0.128(3) 0.093(2) -0.046(3) 0.033(2) -0.036(2)
C29 0.133(3) 0.081(3) 0.127(3) -0.013(3) 0.049(2) -0.031(2)
C30 0.098(2) 0.077(3) 0.102(2) 0.002(2) 0.024(2) -0.004(2)
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5.8 The structure of ]VIethyl-2-tert-butoxycarbonamido-8-benzenesulfonyl-l,2- 
dihydrocyciopenta[b]indole-2-carboxyIate.
A colorless crystal fragment of the title compound (5.8a), of dimensions 
0.5x0.4x0.25 mm, was used for data collection and structure determination.
CHi - C - 0 - C - N ' \ _ ^
CHj O H
0= 1=0
5.8a
The structure was solved by direct methods using MULTAN. Nonhydrogen 
atoms were refined anisotropically, while hydrogen atoms were refined isotropically. 
The molecular structure of the title compound is given in figure 5.9. Experimental 
details, atomic coordinates, bond distances and angles, as well as anisotropic 
displacement parameters are listed in tables 5.33 to 5.36.
Figure 5-9 Molecular structure of Methyl-2-/e/'r-butoxycarbonamido-8-
benzenesulfonyl-1,2-dihydrocyclopenta[b]indole-2-carboxylate(5.8a) with 
displacement ellipsoids drawn at the 40% probability level. H atoms are 
drawn with arbitrary radii.
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Table 5-33 Experimental details of Methyl-2-/erf-butoxycarbonamido-8-
benzenesulfonyl-1,2-dihydrocycIopenta[b]indole-2-carboxyIate(5.8a)
CRYSTAL DATA;
Empirical formula: CzAgNzOgS
Formula weight: 470.55
Crystal system: Monoclinic
Space group: P 1 21/c 1
Unit cell dimensions: a = 10.661(1) Â
b = 12.8986(4) Â 
c = 17.7249(6) Â 
alpha = 90.0(2) deg. 
beta= 101.5(3) deg. 
gamma = 90.0(2) deg.
Volume, Z: 2388(2) 4.00
Density (calculated): 1.31 Mg/m^
Crystal color: colorless 
Crystal shape: irregular fragment 
Absorption coefficient: 0.168 mm '
F(OOO): 992
Crystal size: 0.50 x 0.40 x 0.25 mm
Temperature: 296 K
Radiation: Mo-Ka
Wavelength: 0.71073 A
Theta range for lattice parameters: 3-13  deg.
No. of reflections for lattice parameters 25 
DATA COLLECTION:
Theta max.: 26.47 deg.
No. of standard reflections: 3
Limiting indices: h: 0 -13, k: 0 - 16,1: -22 - 21
Reflections collected: 5431
Independent reflections: 4935 [R(int) = 0.015]
Observed reflections: 3684 
Criterion for observed: I>2.0a(I)
Max. and min. transmission: 0.9981 and 0.9686 
Intensity decay: -1.68 
REFINEMENT:
Refinement method: F
No. of reflections used in refinement: 3684
No. of parameters refined: 403
Goodness-of-fit 1.862
Final R indices: R = 0.040, wR = 0.045
Extinction coefficient: 0.000000
(Delta/sigma)max. : 0.016
Largest diff. peak and hole: 0.2334 and -0.0665 e.A'^_____________________
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Table 5-34 Atomic coordinates of 5.8a
X y z Bc(A')
s 0.20880(4) 0.23540(4) 0.92595(2) 3.056(9)
0 1 0.0830(1) 0.1956(1) 0.89981(8) 4.30(3)
0 2 0.2447(1) 0.3333(1) 0.89974(7) 3.75(3)
03 0.2813(1) 0.5518(1) 1.15427(9) 5.19(4)
04 0.4682(1) 0.6295(1) 1.1620(1) 6.09(4)
05 0.6288(1) 0.2940(1) 1.1066(1) 5.23(4)
0 6 0.7822(1) 0.4184(1) 1.12444(9) 4.55(3)
N1 0.2285(1) 0.2478(1) 1.02098(8) 2.86(3)
N2 0.5874(1) 0.4602(1) 1.1342(1) 3.56(3)
Cl 0.3126(2) 0.3185(1) 1.06590(9) 2.64(3)
C2 0.3328(2) 0.2916(1) 1.1401(1) 2.81(4)
C3 0.2645(2) 0.1976(2) 1.1472(1) 2.89(4)
C4 0.2501(2) 0.1343(2) 1.2089(1) 3.88(4)
C5 0.1796(2) 0.0450(2) 1.1940(1) 4.81(5)
C6 0.1222(2) 0.0175(2) 1.1196(1) 5.02(5)
C7 0.1313(2) 0.0797(2) 1.0574(1) 4.24(5)
C8 0.2023(2) 0.1699(1) 1.0723(1) 2.98(4)
C9 0.3774(2) 0.4144(2) 1.0483(1) 3.15(4)
CIO 0.4511(2) 0.4477(1) 1.1310(1) 3.12(4)
C ll 0.4209(2) 0.3645(2) 1.1898(1) 3.43(4)
C12 0.4041(2) 0.5538(2) 1.1507(1) 3.63(4)
C13 0.2276(2) 0.6481(2) 1.1761(2) 6.66(6)
C14 0.3207(2) 0.1411(2) 0.9119(1) 3.47(4)
C15 0.2814(2) 0.0415(2) 0.8902(1) 5.26(6)
C16 0.3737(3) -0.0308(2) 0.8808(2) 6.84(8)
C17 0.4985(3) -0.0036(2) 0.8922(2) 6.77(7)
CIS 0.5365(2) 0.0939(2) 0.9132(2) 6.52(7)
C19 0.4479(2) 0.1675(2) 0.9238(1) 4.95(5)
C20 0.6636(2) 0.3820(2) 1.1204(1) 3.57(4)
C21 0.8876(2) 0.3515(2) 1.1117(1) 4.57(5)
C22 0.9146(2) 0.2698(2) 1.1726(2) 7.03(7)
C23 0.8570(3) 0.3086(3) 1.0322(2) 8.50(8)
C24 0.9978(2) 0.4284(3) 1.1215(2) 9.00(9)
HI 0.289(2) 0.153(1) 1.258(1) 3.9(4)*
H2 0.172(2) 0.003(1) 1.234(1) 4.0(4)*
H3 0.070(2) -0.047(2) 1.112(1) 6.3(6)*
H4 0.089(2) 0.059(1) 1.005(1) 3.9(4)*
H5 0.317(2) 0.467(1) 1.024(1) 3.6(4)*
H6 0.442(1) 0.402(1) 1.014(1) 3.7(4)*
(table con’d)
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H7 0.500(2) 0.330(1) 1.218(1) 4.1(4)*
H8 0.383(2) 0.398(1) 1.230(1) 4.2(4)*
H9 0.195(2) 0.030(2) 0.880(1) 7.2(6)*
HIO 0.342(2) -0.099(2) 0.867(2) 9.8(8)*
H ll 0.553(2) -0.053(2) 0.884(1) 8.6(7)*
H12 0.620(2) 0.111(2) 0.921(1) 7.4(6)*
H13 0.472(2) 0.235(2) 0.940(1) 6.9(6)*
H14 0.614(2) 0.515(1) 1.138(1) 4.2(4)*
HI5 0.149(3) 0.636(2) 1.182(2) 10.6(8)
H16 0.278(2) 0.669(2) 1.228(1) 8.7(7)*
H17 0.237(3) 0.697(3) 1.141(2) 12(1)*
HIS 0.845(3) 0.215(3) 1.164(2) 14(1)*
H19 0.994(2) 0.231(2) 1.170(2) 9.5(8)*
H20 0.920(3) 0.304(2) 1.224(2) 11.3(9)
H21 0.824(3) 0.371(3) 0.988(2) 15(1)*
H22 0.931(2) 0.275(2) 1.021(1) 9.6(8)*
H23 0.782(2) 0.260(2) 1.023(1) 9.2(8)*
H24 1.014(4) 0.450(3) 1.180(2) 18(1)*
H25 1.073(2) 0.391(2) 1.107(2) 9.6(7)*
H26 0.962(3) 0.458(3) 1.066(2) 15(1)*
Beq == (8T t2/3 *a,- • aj
Starred atoms are refined isotropically
Table 5-35 Anisotropic displacement parameters of 5.8a
Un Ü 2 2 Ü 3 3 U l 2 U , 3 U 23
S 0.0441(2) 0.0383(2) 0.0323(2) -0.0043(2) 0.0041(2) 0.0000(2)
01 0.0473(8) 0.0614(9) 0.0483(7) -0.0107(7) -0.0053(6) -0.0013(7)
02 0.0665(8) 0.0381(7) 0.0388(6) -0.0027(7) 0.0123(6) 0.0044(6)
03 0.0441(7) 0.0631(9) 0.094(1) 0.0051(7) 0.0239(7) -0.0218(8)
04 0.0567(8) 0.0429(9) 0.134(1) -0.0024(7) 0.0256(9) -0.0202(9)
05 0.0490(8) 0.0410(8) 0.112(1) -0.0026(7) 0.0234(7) -0.0197(8)
06 0.0374(6) 0.0482(8) 0.091(1) -0.0009(6) 0.0225(6) -0.0064(8)
N1 0.0382(7) 0.0381(8) 0.0322(7) -0.0078(7) 0.0070(5) 0.0002(7)
N2 0.0351(7) 0.0344(8) 0.067(1) -0.0036(7) 0.0125(7) -0.0127(8)
Cl 0.0311(8) 0.0349(9) 0.0354(8) -0.0020(7) 0.0089(7) -0.0029(8)
C2 0.0307(8) 0.040(1) 0.0365(8) 0.0002(8) 0.0079(7) -0.0019(8)
C3 0.0283(8) 0.044(1) 0.0389(8) 0.0027(8) 0.0091(7) 0.0044(8)
C4 0.044(1) 0.062(1) 0.040(1) -0.001(1) 0.0059(8) 0.011(1)
C5 0.054(1) 0.067(1) 0.060(1) -0.012(1) 0.0079(9) 0.030(1)
C6 0.059(1) 0.060(1) 0.066(1) -0.024(1) -0.002(1) 0.019(1) 
(table con’d)
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C7 0.052(1) 0.054(1) 0.051(1) -0.020(1) 0.0000(9) 0.008(1)
C8 0.0330(8) 0.041(1) 0.0389(9) -0.0031(8) 0.0073(7) 0.0051(8)
C9 0.0420(9) 0.037(1) 0.0410(9) -0.0048(8) 0.0094(7) -0.0021(8)
CIO 0.0355(9) 0.038(1) 0.0445(9) -0.0041(8) 0.0070(7) -0.0076(8)
C ll 0.043(1) 0.049(1) 0.0374(9) -0.0035(9) 0.0067(8) -0.0054(9)
C12 0.0415(9) 0.047(1) 0.048(1) 0.0021(9) 0.0072(8) -0.0094(9)
C13 0.073(1) 0.087(2) 0.096(2) 0.029(1) 0.025(1) -0.029(1)
CM 0.057(1) 0.038(1) 0.0385(9) 0.0002(9) 0.0118(8) -0.0001(8)
CIS 0.085(2) 0.045(1) 0.070(1) -0.004(1) 0.017(1) -0.013(1)
C16 0.131(2) 0.045(1) 0.085(2) 0.009(1) 0.024(2) -0.013(1)
C17 0.112(2) 0.076(2) 0.072(1) 0.044(1) 0.026(1) 0.002(1)
CIS 0.072(1) 0.086(2) 0.093(2) 0.022(1) 0.025(1) -0.004(2)
C19 0.060(1) 0.056(1) 0.074(1) 0.004(1) 0.019(1) -0.006(1)
C20 0.0401(9) 0.041(1) 0.055(1) -0.0028(9) 0.0115(8) -0.0072(9)
C21 0.043(1) 0.060(1) 0.076(1) 0.010(1) 0.0258(9) 0.005(1)
C22 0.065(1) 0.105(2) 0.102(2) 0.028(1) 0.027(1) 0.033(2)
C23 0.096(2) 0.151(3) 0.084(2) 0.045(2) 0.037(1) -0.014(2)
C24 0.052(1) 0.108(2) 0.194(3) 0.001(2) 0.055(1) 0.013(2)
The form of the anisotropic displacement factor is:
exp [-2x2 { h^a*^U%% + k^b*^U2 2  + l^c*^U] 3  + 2( hka*b*U%2
k lb * c * U 2 3  )} ]
+ hla*c*U%3
Table 5-36 Bond distances and angles of 5.8a
S 01 1.424(1) C3 C4 1.397(3)
S 02 1.424(1) C3 C8 1.407(2)
S N1 1.663(1) C4 C5 1.372(3)
S CM 1.756(2) C5 C6 1.384(3)
03 C12 1.324(2) C6 C7 1.382(3)
03 C13 1.453(3) C l C8 1.384(3)
04 C12 1.187(2) C9 CIO 1.578(2)
05 C20 1.203(2) CIO C ll 1.574(3)
06 C20 1.338(2) CIO C12 1.521(3)
06 €21 1.470(3) CM CIS 1.382(3)
N1 Cl 1.409(2) CM C19 1.373(3)
N1 C8 1.420(2) CIS C16 1.390(4)
N2 CIO 1.451(2) C16 C17 1.352(4)
N2 C20 1.348(3) C17 CIS 1.351(4)
Cl C2 1.335(2) CIS C19 1.378(4)
Cl C9 1.480(3) C21 C22 1.495(4)
C2 C3 1.432(3) C21 C23 1.488(4)
C2 C ll 1.488(2) C21 C24 1.521(4)
(table con’d)
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01 S 02 120.7(8) C4 C5 C6 121.2(2)
01 s NI 106.5(8) C5 C6 C7 121.6(2)
01 s CM 109.1(9) C6 C7 C8 117.2(2)
02 s NI 104.9(8) NI C8 C3 108.0(1)
02 s CM 109.5(9) NI C8 C7 130.0(2)
N1 s CM 105.0(8) C3 C8 C l 122.1(2)
C12 03 C13 116.2(2) Cl C9 CIO 101.5(1)
C20 06 C21 121.9(2) N2 CIO C9 112.0(2)
S NI Cl 124.9(1) N2 CIO C ll 112.7(1)
S NI C8 125.4(1) N2 CIO C12 105.4(1)
Cl NI C8 106.3(1) C9 CIO C ll 107.4(1)
CIO N2 C20 123.0(2) C9 CIO C12 109.4(1)
N1 Cl C2 110.3(2) C ll CIO C12 109.9(2)
N1 Cl C9 133.9(1) C2 C ll CIO 103.1(1)
C2 Cl C9 115.8(1) 03 C12 04 123.4(2)
Cl C2 C3 108.8(1) 03 C12 CIO 111.6(2)
Cl C2 C ll 112.2(2) 04 C12 CIO 125.0(2)
C3 C2 C ll 138.9(2) S CM C15 120.4(2)
C2 C3 C4 134.6(2) S CM C19 119.0(2)
C2 C3 C8 106.5(2) C15 CM C19 120.6(2)
C4 C3 C8 119.0(2) CM C15 C16 118.3(2)
C3 C4 C5 118.9(2) CIS C16 C ll 120.5(2)
C16 C17 C18 121.0(3) 06 C21 C22 110.2(2)
C17 C18 C19 120.2(2) 06 C21 C23 109.5(2)
C14 C19 C18 119.4(2) 06 C21 C24 101.3(2)
05 C20 06 126.3(2) C22 C21 C23 113.4(2)
05 C20 N2 124.8(2) C22 C21 C24 110.1(2)
06 C20 N2 108.9(2) C23 C21 C24 111.7(2)
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5.9 The structure of N-t-Butyl-O-isopropyl-P-phenyl-phosphonamidothioate
A colorless crystal fragment of the title compound(5.9a)^'‘ was used for data
collection and sructure determination on an Enraf-Nonius CAD4 diffractometer
equipped with MoKa radiation (X=0.71073 A), and a graphite monochromator.
Ç H , ^  Ç H ,
H -C —0 - P —N -C —CH3  
I I I I  
CH3 CH3o
5.9a
Nonhydrogen atoms were refined anisotropically, while hydrogen atoms were 
assigned to calculated position and not refined, only hydrogen atom on nitrogen is 
refined isotropically. Figure 5.10 shows the molecular structure of 5.9a Experimental 
details, atomic coordinates, bond distances and angles, as well as anisotropic 
displacement parameters are listed in tables 5.37 to 5.40.
C13
C6
C5
C12
C3
Figure 5-10 Molecular structure of N-t-Butyl-O-isopropyl-P-phenyl-
phosphonamidothioate(5.9a) with displacement ellipsoids drawn at the 
40% probability level. H atoms are drawn with arbitrary radii.
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Table 5-37 Experimental details of N-t-Butyl-O-isopropyl-P-phenyl-
phosphonamidothioate(5.9a)
CRYSTAL DATA;
Empirical formula: C13H22NOPS 
Formula weight: 271.36 
Crystal system: Monoclinic 
Space group: P2i/c
Unit cell dimensions: a = 9.441(1) Â
b = 20.378(2) Â 
c = 9.099(1) A 
alpha = 90.000(8) deg. 
beta= 116.933(7) deg. 
gamma = 90.019(6) deg.
Volume, Z: 1560.6(6) A \ 4.00 
Density (calculated) : 1.15 Mg/m^
Crystal color: Colorless 
Crystal shape: Irregular fragment 
Absorption coefBcient: 2.683 mm*‘
F(OOO): 584
Crystal size: 0.50 x 0.45 x 0.30 mm 
Temperature: 297 K 
Radiation: Cu-Ka 
Wavelength: 1.54184 A
Theta range for lattice parameters: 11-29 deg.
No. of reflections for lattice parameters: 25 
DATA COLLECTION:
Theta max.: 74.89 deg.
No. of standard reflections: 3
Limiting indices: h: -11 -11, k: 0 - 25,1: -11 - 10
Reflections collected : 5191
Independent reflections: 3168 [R(int) = 0.037]
Observed reflections: 2872 
Criterion for observed: I>3 .Oa(I)
Max. and min. transmission: 0.0000 and 0.0000 
Intensity decay: -0.03 
REFINEMENT:
Refinement method: F
No. of reflections used in refinement: 2872
No. of parameters refined: 159
Goodness-of-fit 3.442
Final R indices: R = 0.057, wR = 0.068
Extinction coefficient: 0.000003
(DeltaZsigma)max.: 0.012
Largest diff. peak and hole: 0.7394 and -0.6286 e.A'^___________
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Table 5-38 Atomic coordinates of 5.9a
X y z Bcq(A')
s 0.75116(6) 0.25360(2) 0.59028(7) 4.33(1)
p 0.63864(5) 0.17084(2) 0.51993(6) 3.227(9)
0 0.7118(2) 0.11130(7) 0.6436(2) 4.33(3)
N 0.6289(2) 0.15106(8) 0.3427(2) 4.09(4)
Cl 0.4422(2) 0.1723(1) 0.5045(3) 3.62(4)
C2 0.4038(3) 0.1433(1) 0.6191(3) 4.79(5)
C3 0.2500(3) 0.1475(2) 0.6006(4) 6.31(7)
C4 0.1355(3) 0.1815(2) 0.4688(4) 6.29(7)
C5 0.1731(3) 0.2106(2) 0.3565(4) 6.21(7)
C6 0.3257(3) 0.2066(1) 0.3728(3) 4.96(5)
C7 0.5579(3) 0.0946(1) 0.2297(3) 4.56(5)
C8 0.4281(4) 0.1201(2) 0.0700(4) 7.8(1)
C9 0.6889(4) 0.0651(2) 0.1984(4) 7.44(8)
CIO 0.4919(4) 0.0439(1) 0.3027(4) 7.53(8)
C ll 0.8832(3) 0.1022(1) 0.7423(3) 5.33(6)
C12 0.9210(5) 0.1111(3) 0.9154(5) 11.7(1)
C13 0.9250(4) 0.0355(2) 0.7089(6) 10.2(1)
HI 0.663(3) 0.180(1) 0.298(3) 51(6)*
Beq =  ( 8 7C /  3 )  E i£ jU ija i*a j*a i • a j 
Starred atoms were refined isotropically
Table 5-39 Bond distances and angles of 5.9a
S p 1.9416(7) C2 C3 1.386(4)
P 0 1.586(1) C3 C4 1.383(4)
P N 1.625(2) C4 C5 1.361(6)
P Cl 1.796(2) C5 C6 1.383(4)
0 C ll 1.464(2) C7 C8 1.507(4)
N C7 1.487(3) C7 C9 1.514(5)
N HI 0.85(3) C7 CIO 1.508(5)
Cl C2 1.383(4) C ll C12 1.462(6)
Cl C6 1.395(3) C ll C13 1.485(5)
s P 0 115.70(5) C2 C3 C4 120.1(3)
s P N 108.63(7) C3 C4 C5 120.1(3)
s P Cl 113.79(7) C4 C5 C6 120.5(2)
0 P N 109.01(9) Cl C6 C5 120.0(3)
(table con’d)
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0 P Cl 99.80(9) N C7 C8 108.4(2)
N P Cl 109.56(9) N C7 C9 106.7(2)
P 0 C ll 122.5(2) N C7 CIO 111.9(2)
P N C7 133.2(2) C8 C7 C9 109.4(3)
P N HI 116.(2) C8 C7 CIO 110.1(2)
C7 N HI 111.(2) C9 C7 CIO 110.4(2)
P Cl C2 123.3(1) 0 C ll C12 107.9(3)
P Cl C6 117.4(2) 0 C ll C13 108.2(2)
C2 Cl C6 119.2(2) C12 C ll C13 112.1(3)
Cl C2 C3 120.0(2)
Table 5-40 Anisotropic displacement parameters of 5.9a
Uii U22 U33 U12 U,3 U23
S 0.0486(2) 0.0512(2) 0.0668(3) -0.0106(2) 0.0280(2) -0.0132(2)
P 0.0342(2) 0.0400(2) 0.0503(2) 0.0012(2) 0.0208(1) 0.0010(2)
0 0.0374(5) 0.0584(7) 0.0689(7) 0.0096(5) 0.0244(5) 0.0182(6)
N 0.0633(7) 0.0413(7) 0.0623(7) -0.0112(6) 0.0385(5) -0.0080(6)
Cl 0.0371(7) 0.0474(9) 0.0537(8) 0.0014(7) 0.0211(6) -0.0003(7)
C2 0.0459(8) 0.075(1) 0.066(1) 0.0044(9) 0.0296(7) 0.012(1)
C3 0.0531(9) 0.108(2) 0.094(1) -0.001(1) 0.0472(8) 0.011(1)
C4 0.0390(9) 0.107(2) 0.097(2) 0.002(1) 0.0350(8) -0.006(2)
C5 0.0408(9) 0.098(2) 0.087(2) 0.016(1) 0.0204(9) 0.012(1)
C6 0.0446(9) 0.072(1) 0.071(1) 0.0133(9) 0.0256(8) 0.016(1)
C l 0.069(1) 0.0446(9) 0.0634(9) -0.0094(9) 0.0338(7) -0.0103(8)
C8 0.098(2) 0.077(2) 0.083(2) -0.017(2) 0.005(2) -0.007(2)
C9 0.112(2) 0.076(1) 0.118(2) -0.005(1) 0.073(1) -0.037(1)
CIO 0.139(2) 0.059(1) 0.111(2) -0.044(1) 0.076(1) -0.024(1)
C ll 0.0403(8) 0.078(1) 0.082(1) 0.0165(9) 0.0260(8) 0.023(1)
C12 0.101(2) 0.217(4) 0.081(2) 0.078(2) 0.003(2) -0.020(3)
C13 0.092(2) 0.141(2) 0.130(3) 0.070(1) 0.030(2) 0.003(2)
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5.10 The structures of I,2,4>dithiazolidin-3,5-dione and 3-ethoxy-1,2,4- 
dithiazolin-5-one
The structure refinements of the title compunds^^, l,2,4-dithiazoiidin-3,5-dione 
(5.10a) and 3-ethoxy-l,2,4-dithiazoIin-5-one (5.10b) is performed.
? ?
OEt
s—s s—s
5.10a 5.10b
The intensity data and crude coordinates of the title structures were originally obtained 
from the University of Minnesota. Refinement was undertaken because some of the 
atoms of 5.10b were only refined isotropically. In this new refinement, all non-hydrogen 
atoms were treated anisotropically. There are intermolecular hydrogen bonds in 
compound 5.10a, with N-H--0 nobonding distance of 2.01Â. Both compounds 
crystalize with 16 molecules per unit cell. However, compound 5.10a has only one 
molecule in the asymmetric unit, while compound 5.10b has eight independent 
molecules in the asymmetric unit. The hydrogen atoms of 5.10a were located from 
difference maps and refined isotropically. Both molecules have planar configurations. 
The structures are shown in figure 5.11. The unit cell packing diagrams are given in 
figures 5.12 and 5.13. Experimental details, bond distances and angles, and anisotropic 
displacement parameters are listed in tables 5.41 to 5.46.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
123
02
01
5.10a
51 2 012
C M
C I2
013C ll01’
5.10b
Figure 5-11 Molecualr structures of l,2,4-dithiazolidin-3,5-dione (5.10a) and 3- 
ethoxy-l,2,4-dithiazolin-5-one (5.10b). Only one of the eight 
independent molecules of 5.10b is drawn.
Figure 5-12 Projection of 5.10a down the c axis, with the b axis horizontal. Dashed
lines indicate the hydrogen bondings.
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Figure 5-13 Projection of 5.10b down the a axis, with the c axis horizontal.
Table 5-41 Experimental details of 1,2,4-dithiazolidin-3,5-dione (5.10a).
Empirical formula C2HNO2S2
Formula weight 135.16
Temperature 297 K
Wavelength 0.71073 Â
Crystal system Tetragonal
Space group 14,/a
Unit cell dimensions a = 19.556(6) Â alpha = 90 deg.
b = 19.556(6) Â beta = 90 deg.
c = 4.996(2) Â gamma = 90 deg.
Volume, Z 1910.6(11)A \ 16
Density (calculated) 1.880 Mg/m^
Absorption coefBcient 0.982 mm'
F(OOO) 1088
Crystal size 0.6x0.45 xO.35 mm
Theta range for data collection 2.08 to 27.92 deg.
Limiting indices 0 < h < 24, -24 < k < 18, -6 < I < 6
Reflections collected 3297
Independent reflections 1088 [R(int) = 0.0292]
(table con’d)
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Refinement method 
Data / restraints / parameters 
Goodness-of-fit on F^2 
Final R indices p>2sigma(I)] 
R indices (all data) 
Extinction coefficient
FuU-matrix least-squares on F^
1088 /0 /69
1.374
R1 = 0.0294, wR2 = 0.0795 
R1 =0.0319, wR2 = 0.0811 
0.0020(7)
0.336 and -0.484 e.Â'^
Table 5-42. Atomic coordinates (x 10“*) and equivalent isotropic displacement 
parameters (Â^ x 10^ ) for 5.10a. U(eq) is defined as one third o f the 
trace of the orthogonalized Uij tensor.
X y z U(eq)
S(l) 502(1) 616(1) 7032(1) 39(1)
S(2) 1552(1) 666(1) 7218(1) 34(1)
0(1) -136(1) 1374(1) 3549(3) 57(1)
0(2) 2197(1) 1439(1) 3800(3) 49(1)
N(l) 1031(1) 1442(1) 3437(3) 37(1)
C(l) 419(1) 1207(1) 4386(3) 37(1)
C(2) 1641(1) 1242(1) 4529(3) 33(1)
H(l) 1043(13) 1707(14) 2167(51) 64(7)
Table 5-43 Bond distances and angles of 5.10a
S(l)-C(l) 1.764(2) C(l)-S(l)-S(2) 95.42(6)
S(l)-S(2) 2.0584(8) C(2)-S(2)-S(l) 95.45(6)
S(2)-C(2) 1.761(2) C(l)-N(l)-C(2) 121.99(14)
0(1)-C(1) 1.208(2) 0(1)-C(1)-N(1) 125.2(2)
0(2)-C(2) 1.208(2) 0(1)-C(1)-S(1) 121.31(13)
N(l)-C(l) 1.367(2) N(l)-C(l)-S(l) 113.51(12)
N(l)-C(2) 1.369(2) 0(2)-C(2)-N(l) 124.94(14) 
0(2)-C(2)-S(2) 121.48(13) 
N(l)-C(2)-S(2) 113.57(11)
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Table S-44 Anisotropic displacement parameters (Â^ x 10 )^ for 5.10a. The 
anisotropic displacement factor exponent takes the form;
-2 7C^ [ h^  a*^ Uu +... + 2 h k a* b* U 1 2 + ... ]
Uu U 2 2 U 3 3 U 2 3 U i 3 U,2
S(l) 31(1) 49(1) 36(1) 8(1) -1(1) -9(1)
S(2) 31(1) 33(1) 38(1) 4(1) -1(1) 0(1)
0(1) 38(1) 89(1) 42(1) 11(1) -10(1) 6(1)
0(2) 38(1) 58(1) 51(1) 4(1) 13(1) -8(1)
N(I) 41(1) 40(1) 28(1) 7(1) 2(1) -1(1)
C(l) 36(1) 48(1) 27(1) 1(1) -4(1) -1(1)
C(2) 36(1) 33(1) 31(1) -3(1) 7(1) -2(1)
Table 5-45 Experimental details of 3-ethoxy-1,2,4-dithiazolin-5-one (5.10b).
Empirical formula C4 H5 N 02 52
Formula weight 163.21
Temperature 293(2)K
Wavelength 0.71073 A
Crystal system Monoclinic
Space group Pc
Unit cell dimensions a = 3.939(2) A alpha = 90 deg.
b = 35.839(11) A beta = 90.81(3) deg.
c =  18.789(4) A gamma = 90 deg.
Volume, Z 2652(2) A \ 16
Density (calculated) 1.635 Mg/m^
Absorption coefficient 0.723 mm’*
F(OOO) 1344
Crystal size - X- X- mm
Theta range for data collection 0.57 to 26.00 deg.
Limiting indices 0 < h < 4 , 0 < k < 4 4 , -23 <1<23
Reflections collected 5969
Independent reflections 5968 [R(int) = 0.0213]
Refinement method Full-matrix least-squares on F^
Data /  restraints / parameters 5753/2/650
Goodness-of-fit on F^2 2.340
Final R indices [I>2sigma(I)] R1 = 0.0872, wR2 = 0.1804
R indices (all data) R1 =0.1568, wR2 = 0.2963
Absolute structure parameter 0.1(2)
Extinction coefficient 0.0006(4)
Largest diff. peak and hole 1.040 and -0.864 e.A’^
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Table 5-46 Atomic coordinates ( x 10“*) and equivalent isotropic displacement 
parameters (A^ x 10^ ) for 5.10b. U(eq) is defined as one third of the 
trace of the orthogonalized Uij tensor.
X y z U(eq)
S(ll) -9(14) 9160(1) 0 (2 ) 30(1)
S(12) 82(13) 8673(1) -572(2) 27(1)
0(11) -2683(38) 9746(3) -586(6) 42(4)
0(12) -2063(33) 8657(3) -1858(5) 30(3)
N(l) -2631(41) 9228(4) -1330(6) 29(3)
C(ll) -2090(55) 9416(4) -710(9) 35(5)
0(12) -1858(45) 8887(4) -1314(8) 23(4)
0(13) -3621(49) 8791(5) -2505(8) 29(4)
0(14) -3819(65) 8468(6) -3005(10) 58(7)
S(21) 4610(13) 7396(1) 888(2) 28(1)
S(22) 5076(12) 7882(1) 321(2) 27(1)
0(21) 2094(33) 7400(3) 2138(5) 28(3)
0(22) 2822(37) 8496(2) 885(6) 34(3)
N(2) 2291(40) 7975(3) 1612(7) 25(3)
0(21) 2856(46) 7623(4) 1606(8) 26(4)
C(22) 3246(48) 8159(4) 1004(7) 24(4)
0(23) 650(50) 7573(4) 2780(8) 29(4)
0(24) -203(63) 7234(5) 3269(9) 49(6)
S(31) -657(13) 6584(1) -30(2) 31(1)
S(32) -1468(15) 6109(1) -608(2) 35(1)
0(31) -2721(38) 7197(3) -572(6) 37(3)
0(32) -4186(35) 6143(3) -1856(6) 31(3)
N(3) -3531(43) 6693(4) -1311(6) 30(3)
0(31) -2542(44) 6871(4) -686(9) 28(4)
0(32) -3204(46) 6349(4) -1317(8) 26(4)
C(33) -5751(47) 6310(5) -2493(9) 33(4)
0(34) -6704(65) 6009(5) -3004(10) 51(6)
S(41) 1890(14) 5250(1) 311(2) 36(1)
S(42) 567(14) 4800(1) 913(2) 34(1)
0(41) 1417(40) 5912(3) 876(7) 47(4)
0(42) -1187(35) 4891(3) 2 2 0 2 (6 ) 32(3)
N(4) -40(41) 5441(4) 1635(7) 30(4)
0(41) 1083(55) 5581(5) 998(10) 38(5)
0(42) -303(49) 5076(5) 1658(9) 29(4)
0(43) -2225(58) 5102(4) 2826(8) 35(5)
0(44) -3062(55) 4823(4) 3375(9) 39(5)
S(51) -5006(14) 4005(1) 19(2) 32(1)
(table con’d)
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S(52) -3217(13) 3585(1) -610(2) 31(1)
0(51) -7989(40) 4578(3) -599(6) 43(4)
0(52) -3729(33) 3632(3) -1966(6) 27(3)
N(5) -5967(39) 4141(3) -1383(7) 22(3)
0(51) -6580(56) 4285(4) -716(9) 35(5)
0(52) -4434(48) 3836(4) -1377(8) 24(4)
0(53) -4659(54) 3800(4) -2640(8) 32(4)
0(54) -4051(60) 3503(5) -3222(9) 45(6)
S(61) 1247(13) 2830(1) 293(2) 31(1)
S(62) 2989(13) 2391(1) 897(2) 29(1)
0(61) -1687(38) 3387(3) 931(6) 37(3)
0(62) 2513(32) 2404(3) 2245(5) 26(3)
N(6) 247(38) 2937(3) 1695(7) 22(3)
0(61) -360(48) 3096(4) 1035(7) 24(4)
0(62) 1775(45) 2623(4) 1674(8) 25(4)
0(63) 1366(49) 2538(3) 2943(8) 24(4)
0(64) 2049(54) 2233(4) 3456(8) 34(5)
S(71) -2374(13) 1622(1) 25(2) 31(1)
S(72) -838(13) 1171(1) -562(2) 28(1)
0(71) -5353(37) 2189(3) -624(6) 40(4)
0(72) -1567(35) 1167(3) -1895(5) 31(3)
N(7) -3598(39) 1710(3) -1370(7) 27(3)
0(71) -4155(55) 1902(5) -713(9) 38(5)
C(72) -2187(49) 1395(4) -1355(8) 29(4)
0(73) -2954(50) 1308(5) -2606(8) 30(4)
0(74) -2397(47) 971(4) -3094(8) 29(4)
S(81) 3886(14) 401(1) 317(2) 34(1)
S(82) 4847(12) -71(1) 895(2) 28(1)
0(81) 1062(40) 968(3) 957(6) 44(4)
0(82) 3400(35) -100(3) 2215(5) 30(3)
N(8) 2051(38) 462(3) 1692(7) 25(3)
0(81) 2192(53) 660(4) 1040(9) 33(5)
C(82) 3343(51) 136(4) 1659(9) 30(4)
C(83) 1951(51) 31(4) 2890(9) 30(4)
0(84) 2169(53) -292(4) 3400(8) 33(4)
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Table 5-47 Bond distances and angles for S.lOb.
S(11)-C(1I) 1.81(2) S(51)-C(51) 1.81(2)
S(ll)-S(12) 2.053(6) S(51)-S(52) 2.044(6)
S(12)-C(12) 1.76(2) S(52)-C(52) 1.76(2)
0(11)-C(1I) 1.23(2) 0(51)-C(51) 1.21(2)
0(12)-C(12) 1.31(2) 0(52)-C(52) 1.36(2)
0(12)-C(13) 1.44(2) 0(52)-C(53) 1.45(2)
N(l)-C(12) 1.26(2) N(5)-C(52) 1.25(2)
N (l)-C (ll) 1.36(2) N(5)-C(51) 1.38(2)
C(13)-C(14) 1.49(2) C(53)-C(54) 1.55(2)
S(21)-C(21) 1.73(2) S(61)-C(61) 1.81(2)
S(21)-S(22) 2.050(6) S(61)-S(62) 2.051(6)
S(22)-C(22) 1.78(2) S(62)-C(62) 1.75(2)
0(21)-C(2I) 1.32(2) 0(61)-C(61) 1.18(2)
0(21)-C(23) 1.48(2) 0(62)-C(62) 1.36(2)
0(22)-C(22) 1.24(2) 0(62)-C(63) 1.47(2)
N(2)-C(21) 1.28(2) N(6)-C(62) 1.28(2)
N(2)-C(22) 1.38(2) N(6)-C(61) 1.38(2)
C(23)-C(24) 1.56(2) C(63)-C(64) 1.48(2)
S(31)-C(31) 1.76(2) S(71)-C(71) 1.84(2)
S(31)-S(32) 2.041(6) S(71)-S(72) 2.051(6)
S(32)-C(32) 1.72(2) S(72)-C(72) 1.77(2)
0(31)-C(31) 1.19(2) 0(71)-C(71) 1.14(2)
0(32)-C(32) 1.31(2) 0(72)-C(72) 1.33(2)
0(32)-C(33) 1.47(2) 0(72)-C(73) 1.52(2)
N(3)-C(32) 1.24(2) N(7)-C(72) 1.26(2)
N(3)-C(31) 1.39(2) N(7)-C(71) 1.43(2)
C(33)-C(34) 1.49(2) C(73)-C(74) 1.53(2)
S(41)-C(41) 1.79(2) S(81)-C(81) 1.78(2)
S(41)-S(42) 2.042(6) S(81)-S(82) 2.041(6)
S(42)-C(42) 1.75(2) S(82)-C(82) 1.73(2)
0(41)-C(41) 1.22(2) 0(81)-C(81) 1.20(2)
0(42)-C(42) 1.27(2) 0(82)-C(82) 1.34(2)
0(42)-C(43) 1.46(2) 0(82)-C(83) 1.47(2)
N(4)-C(42) 1.31(2) N(8)-C(82) 1.28(2)
N(4)-C(41) 1.38(2) N(8)-C(81) 1.42(2)
C(43)-C(44) 1.48(2) C(83)-C(84) 1.50(2)
C(ll)-S(ll)-S(12) 93.3(6) C(51)-S(51)-S(52) 94.9(6)
C(12)-S(12)-S(ll) 91.9(5) C(52)-S(52)-S(51) 90.3(5)
C(I2)-0(12)-C(I3) 117.9(12) C(52)-0(52)-C(53) 116.0(12)
C(12)-N(l)-C(ll) 115.2(13) C(52)-N(5)-C(5I) 114.2(14)
(table con’d)
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0(11)-C(11)-N(1) 128(2) N(6)-C(62)-S(62) 125.3(12)
0(11)-C(11)-S(11) 115.7(14) 0(62)-C(62)-S(62) 109.1(11)
N (l)-C (ll)-S(ll) 116.4(11) 0(62)-C(63)-C(64) 106.4(11)
N(l)-C(12)-0(12) 125.3(14) C(71)-S(71)-S(72) 97.9(6)
N(l)-C(12)-S(12) 123.0(12) C(72)-S(72)-S(71) 90.5(6)
0(12)-C(12)-S(12) 111.4(11) C(72)-0(72)-C(73) 113.5(12)
0(12)-C(13)-C(14) 106.9(14) C(72)-N(7)-C(71) 119.1(14)
C(21)-S(21)-S(22) 92.7(5) 0(71)-C(71)-N(7) 129(2)
C(22)-S(22)-S(21) 93.3(5) 0(71)-C(71)-S(71) 122(2)
C(21)-0(21)-C(23) 117.3(11) N(7)-C(71)-S(71) 108.9(13)
C(21)-N(2)-C(22) 114.5(14) N(7)-C(72)-0(72) 128.3(14)
N(2)-C(21)-0(21) 123(2) N(7)-C(72)-S(72) 123.6(12)
N(2)-C(21)-S(21) 122.7(13) 0(72)-C(72)-S(72) 108.0(11)
0(21)-C(21)-S(21) 113.9(10) 0(72)-C(73)-C(74) 102.1(12)
0(22)-C(22)-N(2) 125(2) C(81)-S(81)-S(82) 95.4(5)
0(22)-C(22)-S(22) 117.9(12) C(82)-S(82)-S(81) 91.4(5)
N(2)-C(22)-S(22) 116.8(10) C(82)-0(82)-C(83) 117.8(12)
0(21)-C(23)-C(24) 104.0(11) C(82)-N(8)-C(81) 113.3(14)
C(31)-S(31)-S(32) 93.0(6) 0(81)-C(81)-N(8) 124(2)
C(32)-S(32)-S(31) 93.0(6) 0(81)-C(81)-S(81) 121.5(13)
C(32)-0(32)-C(33) 121.0(12) N(8)-C(81)-S(81) 114.7(10)
C(32)-N(3)-C(31) 115.8(14) N(8)-C(82)-0(82) 123(2)
0(31)-C(31)-N(3) 126(2) N(8)-C(82)-S(82) 125.1(13)
0(31)-C(31)-S(31) 118.2(14) 0(82)-C(82)-S(82) 111.9(10)
N(3)-C(31)-S(31) 115.9(11) 0(82)-C(83)-C(84) 106.5(12)
N(3)-C(32)-0(32) 123(2) 0(51)-C(51)-N(5) 125(2)
N(3)-C(32)-S(32) 122.1(14) 0(51)-C(51)-S(51) 119.8(14)
0(32)-C(32)-S(32) 115.2(11) N(5)-C(51)-S(51) 115.0(12)
0(32)-C(33)-C(34) 109.2(14) N(5)-C(52)-0(52) 124.6(14)
C(41)-S(41)-S(42) 94.4(6) N(5)-C(52)-S(52) 125.5(13)
C(42)-S(42)-S(41) 92.9(6) 0(52)-C(52)-S(52) 109.7(11)
C(42)-0(42)-C(43) 117.2(11) 0(52)-C(53)-C(54) 107.0(14)
C(42)-N(4)-C(41) 115(2) C(61)-S(61)-S(62) 95.5(5)
0(41)-C(41)-N(4) 124(2) C(62)-S(62)-S(61) 90.3(6)
0(41)-C(41)-S(41) 120(2) C(62)-0(62)-C(63) 116.7(11)
N(4)-C(41)-S(41) 116.6(12) C(62)-N(6)-C(61) 114.3(13)
0(42)-C(42)-N(4) 125(2) 0(61)-C(61)-N(6) 125.6(14)
0(42)-C(42)-S(42) 113.9(12) 0(61)-C(61)-S(61) 119.8(12)
N(4)-C(42)-S(42) 121.4(14) N(6)-C(61)-S(61) 114.6(11)
0(42)-C(43)-C(44) 106.1(12) N(6)-C(62)-0(62) 125.5(14)
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Table 5-48 Anisotropic displacement parameters (Â  ^x 10 )^ for S.lOb. The 
anisotropic displacement factor exponent takes the form:
-2 [ h^  a*  ^U„ + ... + 2 h k a* b* Un +... ]
u „ U22 U33 U23 U,3 U 12
S(ll) 36(3) 31(2) 25(2) 2(2) 0(2) 1(2)
S(12) 30(3) 24(2) 27(2) 4(2) -4(2) 5(2)
0(11) 48(10) 48(7) 29(6) -4(6) 11(6) 7(8)
0(12) 32(8) 34(5) 24(6) 0(4) -6(5) 11(6)
N(l) 32(10) 34(7) 21(7) 8(5) 3(7) 4(7)
0(11) 43(14) 22(7) 41(10) 8(7) 3(9) 7(8)
0(12) 12(10) 32(7) 24(8) 9(6) -7(7) -1(7)
0(13) 19(11) 44(9) 23(8) 4(7) -16(7) -3(8)
0(14) 65(19) 62(13) 46(12) -11(10) -39(12) -7(13)
S(21) 30(3) 26(2) 27(2) -2(2) 4(2) 7(2)
S(22) 26(3) 29(2) 26(2) 0(2) -3(2) 2(2)
0(21) 33(8) 26(5) 24(5) 1(4) 13(5) 5(6)
0(22) 55(10) 10(4) 36(6) 4(4) -5(6) -7(6)
N(2) 31(10) 16(5) 29(7) -4(5) 3(7) 0(6)
0(21) 21(11) 19(6) 38(9) 3(6) -14(8) 6(7)
C(22) 30(11) 21(6) 20(7) 2(5) -7(7) 2(8)
C(23) 35(12) 15(6) 36(9) -13(6) -4(8) 13(7)
0(24) 78(19) 47(10) 22(9) 7(7) 23(10) 20(12)
S(3l) 29(3) 35(2) 28(2) 0(2) 0(2) 0(2)
S(32) 40(3) 29(2) 35(2) 6(2) -6(2) 7(2)
0(31) 48(10) 42(6) 22(6) -2(5) 11(6) -4(7)
0(32) 33(9) 26(5) 32(6) 3(5) -5(6) 6(6)
N(3) 32(10) 45(8) 11(6) 5(6) 1(6) -1(8)
0(31) 6(9) 34(7) 46(10) 9(7) 13(8) 2(7)
0(32) 12(9) 34(8) 32(9) 13(7) 1(7) 4(8)
0(33) 11(10) 38(8) 49(11) 7(8) 11(8) 6(8)
0(34) 70(19) 35(9) 47(11) -5(8) -20(11) 7(11)
S(41) 32(3) 36(2) 40(2) 2(2) 4(2) 4(2)
S(42) 38(3) 27(2) 37(2) -3(2) 5(2) 3(2)
0(41) 54(11) 40(6) 48(8) -1(6) 16(7) 11(8)
0(42) 31(8) 28(5) 38(7) -8(5) 17(6) 0(6)
N(4) 27(10) 27(6) 35(8) -2(6) -7(7) 3(7)
0(41) 30(13) 42(9) 43(11) 5(8) 0(9) 8(10)
0(42) 17(11) 37(8) 32(9) -8(7) -6(8) 5(8)
0(43) 60(15) 19(6) 27(8) -5(6) 21(9) 9(9)
0(44) 39(14) 36(9) 43(10) 2(7) 13(10) -13(10) 
(table con’d)
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S(51) 38(3) 33(2) 24(2) -1(2) 0(2) 3(2)
S(52) 33(3) 28(2) 33(2) 3(2) -1(2) 6(2)
0(51) 57(11) 39(6) 35(7) 0(5) 5(7) 13(8)
0(52) 27(7) 21(4) 34(6) -3(4) -5(5) 8(5)
N(5) 22(9) 20(5) 24(7) 0(5) -1(6) 0(6)
C(51) 46(14) 18(6) 41(10) 7(6) -3(9) -8(8)
C(52) 25(11) 22(7) 26(8) -2(6) -9(7) -13(7)
C(53) 39(13) 34(8) 23(8) -2(6) -6(8) -12(9)
C(54) 51(16) 35(8) 49(11) -17(8) 17(10) -26(10)
S(61) 33(3) 33(2) 27(2) 1(2) 0(2) 6(2)
S(62) 30(3) 30(2) 26(2) -3(2) 4(2) 5(2)
0(61) 57(10) 27(5) 28(6) 2(5) -11(6) 23(7)
0(62) 25(8) 26(5) 28(5) -2(4) 2(5) 14(6)
N(6) 22(9) 20(5) 24(7) -3(5) 4(6) 0(6)
0(61) 37(12) 20(6) 16(7) -4(5) 6(7) -10(8)
0(62) 8(9) 42(8) 26(8) -5(7) -7(7) 3(8)
C(63) 34(11) 6(5) 32(8) -1(5) -6(8) 2(7)
0(64) 44(14) 44(9) 16(7) -2(6) 5(8) -21(10)
S(71) 29(3) 40(2) 23(2) 0(2) -1(2) 6(2)
S(72) 31(3) 27(2) 26(2) 4(2) -2(2) 5(2)
0(71) 40(10) 49(7) 33(7) -4(6) -2(6) 25(7)
0(72) 42(9) 26(5) 25(6) -3(4) 4(6) 7(6)
N(7) 18(9) 27(6) 37(8) -1(6) 8(7) 8(6)
0(71) 32(13) 53(11) 29(9) 7(8) 3(9) -8(10)
0(72) 29(12) 40(9) 18(8) 3(6) -1(8) -7(9)
0(73) 26(11) 42(9) 22(8) -9(7) 6(8) 1(9)
0(74) 18(11) 39(8) 30(8) -7(7) -4(8) 3(8)
S(81) 43(3) 29(2) 30(2) 0(2) 4(2) 7(2)
S(82) 28(3) 26(2) 31(2) -3(2) 4(2) 5(2)
0(81) 66(11) 29(6) 37(7) -12(5) -9(7) 15(7)
0(82) 38(9) 30(5) 22(5) 2(4) 7(5) 8(6)
N(8) 16(9) 32(6) 28(7) -4(5) -5(6) -7(6)
0(81) 43(13) 20(7) 35(9) -7(6) -20(9) 12(8)
C(82) 31(12) 24(7) 34(9) 0(6) -16(9) -3(8)
C(83) 27(11) 26(7) 35(9) -10(6) 7(8) 1(8)
0(84) 40(13) 27(7) 31(9) -2(6) -4(9) -3(9)
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